Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


j^     m  PROPERTT     OF         tm 

Iffiimitpof 

Mdiigm 


Mm. 


>S17 


A R  T  E  S      SCIENTIA     VERITAS 


THE    AUTOMOBILE 


I 


r 


BY   PAUL    N.    HASLUCK. 

LATHE    CONSTRUCTION. 

Twrenty-foup  Coloured  Plates,  Drawn  to  Scale. 


WORKS  EDITED  BY  PAUL  N.  HASLUCK. 

The   HANDYMAN'S    Book 

OF  Tools,  Materials,  and  Processes 
Employed  in  Woodworking. 

With  2,645  n^ustrations. 

Cassell's  Cyclop>edia  of 
Mechanics. 

In  Three  Series.   Each  containing  upwards 
of  1,200  lUuBtratione. 

Metalworking. 

A  Book  of  Tools,  Materials  and  Processes 
for  the  Handyman. 

Technical  Instruction 
Manuals. 

Profusely  Illustrated. 

"Work-   Handbooks. 

A  Series  of  Practical  Manuals.   Illustrated. 

Work. 

The  Illustrated  Journal  for  Mechanics. 

Building  World. 

The  ninstrated  Journal  for  the  Building 
Trades. 

CASSKLL  &  COMPANY,  Limited,  London;   ParU, 
iVeio  York  Jt  Melbourne. 


The  Automobile 


A  PRACTICAL  TREATISE  ON 

THE  CONSTRUCTION  OF  MODERN  MOTOR  CARS 

STEAM.   PETROL.  ELECTRIC    AND  PETROL-ELECTRIC 


BASED  ON   LAVERGNE'S   " L' AUTOMOBILE  SUR  ROUTE" 


.^^'' 


EDITED  BY  PAUL  N.  HASLUCK 


NEW  EDITION  ENLARGED  TO  832    PAGES  COMPLETELY 
RE-WRITTEN  UP  TO  DATE.  WITH  804  lUUSTRATIONS 


CASSELL  AND  COMPANY,  LIMITED,  LONDON 
PARIS,  NEW  YORK  &  MELBOURNE  j»  MCMIII 
ALL   RIGHTS    RESERVED       j»       J^       j»      j»      j»       ^ 


TU 


First  Edition  Av{ru<<  1902. 

Reprinted  September  1902. 

New  and  Enlarged  Edition  November  1908 


PREFACE   TO   NEW  AND   REVISED 

EDITION. 


I  OFFER  this  treatise  as  an  up-to-date  compendium  of  information 
on  the  construction  of  the  modem  automobile.  Development  has 
been  astonishingly  rapid  in  this  new  industry,  and  though  the 
first  edition  of  the  present  work  was.  published  only  sixteen 
months  ago,  there  has  already  arisen  an  urgent  need  for  revising 
it  The  present  volume,  however,  is  much  more  than  a  mere 
revised  re-issue.  The  first  edition  was  a  considerably  amplified 
translation  of  Gerard  Lavergne's  "Manuel  Theoretique  et  Pratique 
de  rAutomobile  sur  Route " ;  but  of  the  832  pp.  comprising  the 
present  volume  only  about  300  had  a  place  in  the  first  edition, 
and  still  less  than  that  number  were  directly  derived  from  the 
French  original  More  than  500  pp.  of  the  present  work  are  new, 
and  are  concerned  with  recent  developments  in  automobile  practice. 
Many  devices  that  are  only  of  historical  interest  are  at  most 
merely  mentioned  here;  and  the  few  instances  in  which  space  is 
devoted  to  mechanisms  now  discarded  will   be   found   to   describe 

m 

some  principle  or  device  that  is  now  employed  in  a  more  modem 
apphcation.  The  illtistrations,  to  the  number  of  533,  were  a 
marked  feature  of  the  first  edition  (the  French  original  contained 
only  329),  but  the  present  work  has  804,  of  which  at  least  500 
are  fresh;  of  that  number  300  have  been  specially  engraved.  It 
is  evident,  then,  that  this  new  and  revised  edition  is  virtually  a 
new  book. 

An  attempt  has  been  made  to  describe  every  noteworthy 
make  of  British  and  Continental  car,  or  at  least  to  indicate  its 
salient  features ;  whilst  some  of  the  most  representative  American 
constructions  are  also  treated  in  detail. 
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My  thanks  are  due  to  many  friends  for  the  use  of  matter 
and  illustrations  which  have  enabled  me  to  include  accounts  of 
the  most  recent  developments  in  automobile  practice ;  and  in  this 
connection  special  acknowledgment  must  be  made  to  the  re- 
spective proprietors  of  the  AiUomotar  Journal  and  the  Autocar, 
on  whose  columns  I  have  drawn  freely,  and  who  have  gratuitously 
lent  the  blocks  of  selected  illustrations.  I  am  also  indebted  to 
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PREFACE   TO    FIRST   EDITION. 

I  HAVE  used  Gerard  Lavergne's  highly  esteemed  work,  "Manuel 
Th^oretique  et  Pratique  de  1' Automobile  sur  Route/*  as  a  basis  for 
the  present  treatise,  which,  however,  is  distinguished  in  many 
important  particulars  from  a  mere  translation. 

In  the  endeavour  to  present  a  thoroughly  up-to-date  work,  the 
original  book  has  been  re-written  throughout  in  a  more  condensed 
style,  and  the  space  thus  gained  is  here  occupied  by  entirely  new 
matter  descriptive  of  mechanisms  that  have  made  their  appearance 
within  the  last  year  or  so.  For  instance,  the  chapters  on  boilers, 
steam  motors,  carburetters,  petrol  motors,  steam  and  petrol  cars  have 
been  re-cast  and  considerably  amphfied,  quite  a  large  proportion 
of  the  present  text  having  had  no  place  in  M.  Lavergne's  treatise. 

Important  additions  also  have  been  made  to  the  historical 
chapter,  the  early  history  of  mechanical  road  locomotion  in  England 
being  here  treated  in  detail.  Many  of  the  tables  of  results  of 
races,  trials,  and  efficiency  tests  here  given  are  not  to  be  found 
in  M.  Lavergne's  work,  and  this  matter  will,  it  is  believed,  be 
appreciated  highly.  Many  of  the  original  illustrations  have,  been 
superseded  by  new  ones,  and  a  great  number  of  additional  blocks 
have  been  inserted ;  in  fact,  of  the  536  illustrations  included  in  this 
book  about  200  are  new,  whilst  some  others  have  been  considerably 
improved,  neither  trouble  nor  expense  having  been  spared  in  pre- 
paring special  reproductions  of  drawings  to  enhance  the  value  of 
the  text. 

A  serious  deficiency  of  the  original  work  was  its  lack  of  an 
index.  In  the  present  work  an  index  containing  more  than  4,000 
items  is  provided.  The  very  considerable  amount  of  labour  spent 
in  preparing  it  has  been  cheerfully  undertaken,  in  the  confident 
belief  that  a  full  index  to  the  mass  of  information  contained  in 
the  book  cannot  fail  to  be  of  considerable  value  to  all  who  are 
interested  in  the  automobile  industry. 

In  his  preface  to  the  original  work,  the  French  author  thus 
describes  its  scope  and  object :  "  Without  wishing  to  disparage  the 
merit  of  previous  publications,  it  seemed  that  there  was  room  for 
a  general   treatment  of  the  subject       Thus  the  work  we  present 
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to  the  public  interested  in  automobiles  is  synthetic.  A  brief  historic 
notice  forms  an  introduction  to  the  agents,  steam,  oil,  and  electricity, 
from  which  mechanical  cars  derive  their  energy,  and  after  a  rapid 
examination  of  the  latest  possibilities  of  compressed  or  liquefied  gas, 
hot  water,  acetylene,  and  alcohol,  the  work  passes  in  review  the  elements 
that  compose  an  automobile  motor  (with  calculation  of  the  power  it 
must  have  to  run  a  given  car  and  the  methods  of  measuring  its 
force  when  constructed),  gear  for  transmitting  the  movement  of  the 
motor  to  the  car  wheels,  axles,  wheels,  tyres,  springs,  frame,  body, 
brakes,  and  lubricators.  This  analysis  having  been  made,  the 
elements  are  grouped  according  to  the  chief  types  of  existing  cars. 
As  these  types  are  very  numerous,  only  representative  ones  have 
been  selected  for  detailed  description;  of  others  it  suffices  to  point 
out  the  characteristic  features.  Then  the  notable  results  officially 
or  otherwise  confirmed  are  recorded,  and,  finally,  attention  is  directed 
to  the  lines  on  which  progress  in  the  direction  of  increased  efficiency 
is  to  be  sought 

"  This  book  does  not  pretend  to  teach  constructors  ;  the  most 
it  can  do  is  to  call  their  attention  to  points  which  they  appear  to 
have  neglected,  or  perhaps  altogether  ignored.  The  large  numbers 
who  are  embarking  in  the  new  industry  may  possibly  through  this 
account  of  what  has  been  already  done  be  spared  some  of  those 
trials  and  labours  which  constitute  the  heavy  tribute,  in  sheer  loss, 
levied  on  human  activity  by  what  might  be  styled  re-inventions. 

"The  book  will  show  the  engineer  how  the  mechanism  with 
which  he  is  familiar  is  applied  in  motor  construction,  how  the 
technical  difficulties  arising  from  this  novel  appUcation  may  be 
overcome,  and  what  yet  remains  to  be  done  in  this  rapidly  growing 
industry.  Those  who,  not  being  engineers,  have  but  a  slight  know- 
ledge of  mechanics,  but  who  are  nevertheless  interested  in  auto- 
mobiles, either  because  they  desire  to  use  them  or  because  they  see 
in  them  the  possibilities  of  an  industrial  revolution,  need  no  longer 
be  discouraged  by  the  apparent  complexity  of  the  subject,  for  the 
writer  has  endeavoured  to  make  his  descriptions  as  clear  and  as 
free  from  technicalities  as  the  character  of  the  subject  would  admit." 

The  Metric  system  of  weights  and  measures  is  adhered  to 
throughout  this  book,  as  being  the  system  countenanced  by  scien- 
tists, and  as  the  only  one  having  even  the  possibility  of  becoming 
universal.  This  system  is  m  general  use  aU  over  the  civilised  world 
(the  English-speaking  countries  excepted),  whilst  even  in  the  United 
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States  of  America  its  use  is  legal,  and  in  Great  Britain  is  per- 
mitted The  whole  system  is  based  on  the  length  unit  known  as 
the  metre,  which  is  nearly  one  ten-millionth  part  of  the  earth's 
meridian  quadrant ;  the  British  equivalent  of  the  metre  is  39-37079 
inches.  It  is  convenient  to  give  here  the  names  of  the  several 
Metric  units,  their  abbreviations,  and  their  equivalents  in  British 
measures,  though  throughout  this  work  the  reader's  requirements 
have  been  met  by  presenting  all  weights  and  measures  in  both 
Metric  and  British  terms. 

The  abbreviations  of  Metric  units  given  below  are  in  accordance 
with  a  decision  made  by  the  International  Committee  of  Weights 
and  Measures,  1890.  First  is  printed  the  unit  in  its  unabridged 
spelling,  then  the  abbreviation,  and  lastly  the  English  equivalent, 
whose  accuracy  may  be  relied  upon.  * 

Units  of  Length.  KUonietre,  km.,  =  0*62138  (nearly  |)  statute 
mile,  about  10936  yds.  Metre,  m.,  =  3937079  in.,  or  109363  yd. 
Decimetre,  dm.,  =  3*93707  in.  Centimetre,  cm.,  =  03937  in.  MMi- 
metre,  mm.,  =  003937  in. 

Units  of  Surface.  Metre  Carre  or  Square  Metre,  m},  =  11 9603 
sq.  yd.  or  10*76429  sq.  ft.  Decimetre  Carre  or  Square  Decimetre 
dm.*,  =  15"50059  sq.  in.  Centimetre  Carri  or  Square  Centimetre, 
cm.^  =  0155005  sq.  in.  Millimetre  Carre  or  Square  Millimetre, 
mm.^  =  0-00155  sq.  in. 

Units  of  Volume.  Metre  Cube  or  Cubic  Metre,  m.^  =  35*31658 
cub.  ft.  or  22009667  galL  Stere,  s.,  same  as  cubic  metre.  Deci- 
metre Cvhe  or  Cubic  Decimetre,  dm.',  =  003531  cub.  ft  Centimetre 
Cube  or  Cubic  Centimetre,  cm.',  =  0*06102  cub.  in.  Millimetre  Ciobe 
or  Cubic  MiUimeirey  mm.',  =  0*00006  cub.  in. 

Units  of  Capacity.  Litre  (same  as  Decimetre  Cube),  L,  =  0*22009 
galL  or  61*02705  cub.  in.  DecH.itre,  dL,  =  0022009  galL,  or  017607 
pt.  Centilitre,  cL,  =  0017607  pt.,  or  0*07042  gilL  Millilitre,  mL,  = 
000704  gill. 

Units  of  Weight.  Tonne,  t.,  0*9842  ton,  about  2,204*6  lb. 
Quintal  MHriqiie,  q.,  =  220*46212  lb.  Kilogramme,  kg.,  =  2*20462  lb., 
that  is  2  lb.  3  oz.  4*38  dr.  avoirdupois.  Gramme,  g.,  =  5*64383  dr. 
avoirdupois,  15*43234  grn,  troy,  or  0*03215  oz,  troy.  Decigramme, 
dg.,  =  1*54323  gm.  troy.  Centigramme,  eg.  =  0*15432  grn.  troy. 
Milligramme,  mg.,  =  0*01543  gm.  troy. 

Units  of  Work.  The  French  Force  de  Cheval  -  Vapeur  is 
equivalent  to  0*9863373  of   Watt's  horse-power,  adopted  in  Great 
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Britain  and  in  the  United  States,  which  unit  is  defined  as  550  foot- 
pounds (ft.-lb.)  per  second,  or  33,000  ft.-lb.  per  minute.  The  difler- 
ence,  therefore,  between  the  two  units  amounts  to  but  little  more 
than  1  '36  per  cent,  in  favour  of  the  British  unit,  and  in  most  cases 
this  difference  can  be  quite  ignored.  In  this  work,  "  Force  de  Cheval- 
Vapeur "  and  "  Horse  Power "  (h.p.)  are  considered  as  identical 
except  where  peculiar  conditions  render  distinction  advisable.  The 
unit  kUogrammHre  (kgm.)  is  the  metric  representative  of  foot- 
pound (ft -lb.)  in  the  British  system;  the  metric  unit  is  defined 
as  the  work  done  in  raising  1  kg.  a  vertical  distance  of  1  m.  and 
the  British  unit  as  the  work  done  in  raising  1  lb.  a  vertical  distance 
of  1  ft. ;  thus  1  kgm.  =  7-23314  ft.-lb. 

Compound  Units.  Most,  if  not  all,  of  the  engineering  terms 
employing  metric  units  have  convenient  English  equivalents ;  thus  .so 
many  "  grammes  or  kilogrammes  per  square  millimetre  "  is  the  corre- 
sponding expression  to  so  many  "  pounds  per  square  inch  " :  1  g.  per 
mm.*  or  1  t.  per  m.'  =  1*422  lb.  per  sq.  in. ;  1  kg.  per  mm.*  =  1,422*282 
lb.  or  0-63494  ton  per  sq.  in. ;  1  g.  per  cm.*  =  001422  lb.  per  sq.  in. ; 
1  kg.  per  cm.*  =  14*22282  lb.  per  sq.  in. 

Simple  arithmetical  calculations  suffice  for  the  conversion  of 
these  terms  when  once  the  value  of  the  several  units  has  been  ascer- 
tained, and  even  much  of  this  simple  arithmetic  can  be  dispensed 
with  if  a  book  of  tables  be  consulted. 

It  is  a  pleasing  duty  gratefully  to  acknowledge  my  obligation  to 
the  proprietors  of  The  Autovwfor  Journal,  44,  St.  Martin's  Lane, 
London,  W.C.,  who  have  permitted  me  to  use  unreservedly  any  of 
the  illustrations,  and  to  excerpt  any  of  the  matter,  that-  have 
appeared  in  that  journal,  and  have  gratuitously  lent  the  blocks  of 
selected  illustrations,  thus  afibrding  the  .opportunity  to  incorporate 
with  the  original  book  important  additions  and  records  of  the  most 
recent  developments  in  automobiles. 

P.  N.  HASLUCK. 


La  Bp.llk  Sauvaor.  London, 
Augmt,  1902. 
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CHAPTER    I. 

EVOLUTION  OF  THE  AUTOMOBILE. 

THE  automobile,  which  now  is  developing  with  such  rapidity,  is 
not — at  least  as  far  as  the  employment  of  the  steam  engine  is 
concerned — so  novel  a  vehicle  as  many  people  believe.  It  already 
has  a  long  history,  which  deserves  to  be  epitomised,  because  in  it 
are  successively  revealed  most  of  the  parts  whose  combination 
constitutes  the  modem  steam  carriage. 

Speculations  upon  the  possible  road  use  of  fire-  and  steam-engines 
were  made  in  England  by  Roger  Bacon  (1214-1294),  and  in  the 
year  1619  a  patent  granted  to  Ramsay  and  Wildgoose  had  as  part 
of  its  subject,  **  drawing-carts  without  horses."  Already  spring 
power  had  been  tried  in  Germany,  and  wind-driven  vehicles  in 
the  Netherlands. 

By  letters  patent,  dated  October  10th,  1644,  Louis  XIV.  granted 
to  "Jean  Theson  the  privilege  of  employing  a  little  four-wheel 
carriage  set  in  motion  without  any  horses,  but  merely  by  two  men 
seated " ;  and  the  Royal  almanack  of  the  period  states  that  in 
the  year  1748  Vaucanson,  in  the  presence  of  Louis  XV.,  drove  "  a 
carriage  with  clockwork  springs,"  but  in  respect  of  which  no 
details  are  given.  It  is,  however,  another  Frenchman,  Nicholas 
Joseph  Cugnot,  who  should  be  regarded  as  the  inventor  of  the 
steam  automobile.  In  1769  he  constructed,  with  State  funds 
placed  at  his  disposition  by  the  Due  de  Choiseul,  the  first  steam 
trolley,  which  the  next  year  was  followed  by  another  somewhat 
further  developed.  This  second  trolley,  a  model  of  which,  belonging 
to  the    Conservatoire  des  Arts   et    Metiers,  was    exhibited  at  the 
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Tuileries  in  June,  1889,  is  represented  by  Fig.  1.  A  kind  of  boiler, 
A,  1*27  m.  (4  ft.  2  in.)  in  diameter,  heated  by  a  fire  below,  supplied 
steam  to  a  four-way  cock,  B,  which  brought  the  two  cylinders  C, 
33  cm.  (13  in.)  in  diameter,  into  communication  alternately  with  the 
boiler  and  with  the  exhaust.  The  movements  of  this  cylindrical 
slide  valve  were  caused  by  a  somewhat  complicated  combination 
of  connecting  rods  and  catches.  The  possibility  of  changing  the 
position  of  the  latter  might  strictly  have  been  utilised  to  vary  the 
expansion  of  steam,  though  it  is  not  thought  that  Cugnot  ever  had 
such  an  idea.  The  movement  of  the  pistons  was  transmitted  to 
the  driving  axle  by  means  of  two  ratchet  wheels,  D,  set  in  motion 
by  rods  corresponding  to  the  two  pistons,  by  aid  of  the  arms  E, 
furnished  with  pawls.      This   device  could   easily  be  employed  to 


Fig.  1. — Cuonot'b  Steam  Trolley. 

drive  the  wheel  backwards  simply  by  changing  the  pawl  to  the 
opposite  side  of  the  notch;  in  fact,  the  ratchet  wheels  turned  in 
either  direction  according  as  the  pawls  acted  upwards  or  down- 
wards. This  system  was,  until  recently,  employed  in  a  simplified 
fonn  by  certain  constructors,  particularly  by  Brouhot,  of  Vierzon, 
who  found  in  it  the  advantage  of  not  requiring  differential  gear, 
as  that  part  is  named  which  makes  the  driving  wheels  indepen- 
dent in  turning.  Cugnot  did  not  require  independent  wheels, 
because  on  his  driving  axle  there  was  only  one  wheel;  this  was 
also  used  for  steering,  and  at  the  same  time  he  avoided  a 
difficulty  that  was  a  stumbling-block  to  inventors  until  Rudolph 
Ackermann  overcame  it  by  the  invention  of  a  double-pivoted  axle 
which  enabled  the  steering  wheels  to  be  worked  without  disfiguring 
the  frame  of  the  carriage.  It  is  needless  to  remark  that  with  a 
single  wheel  for  driving  and  steering,  Cugnot 's  trolley  was  deficient  in 
two  valuable  points,  namely,  power  and  stability.    The  frame  designed 
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to  carry  a  cannon  or  any  other  similar  weight  was  formed  by  two 
strong  wooden  side  beams  with  tie  bars.  At  the  back  it  rested 
on  a  carrying  axle,  and  in  front  was  joined  to  a  wrought-iron  frame 
supporting  the  engine  and  boiler,  the  latter  projecting  over  the  front. 
The  frame  rested  on  the  driving  axle  through  the  intermediary  of 
bronze  bearings.  The  whole  could  turn  round  a  vertical  pivot 
under  the  action  of  gearing  worked  by  a  handle  in  front  of  the 
driver  s  seat  In  the  few  trials  to  which  it  was  subjected  the  trolley 
carried  a  load  of  2,500  kg.  (2i  tons)  at  a  speed  of  5  km.  (3  miles) 
per  hour ;  but  it  had  to  stop  every  quarter  of  an  hour  for  the  boiler 
to  be  refilled  with  water  and  to  get  up  sufficient  steam  pressure. 
The  experiments  were  brought  to  an  end  by  a  false  move,  which 
caused  the  trolley  to  run  into  and  knock  down  a  wall,  thus  giving 
an  obvious  but  unfortunate  proof  of  its  power.  The  chief  defect 
of  the  Cugnot  vehicle  was  its  boiler  :  ^lone  the  less  it  marked 
an  interesting  step  in  quite  a  new  direction,  which  did  not  pass 
unnoticed  by  General  Bonaparte  on  his  return  from  Italy.  At  his 
initiative  a  Commission  of  the  Institute  was  appointed  to  investigate 
the  invention,  but  his  departure  for  Egypt  delayed  and  finally 
prevented  the  realisation  of  this  plan.  These  eflTorts  awakened  no 
response  in  France,  and  it  is  in  England  that  the  growth  of  the 
automobile  must  be  followed ;  but  our  first  remarks  will  have  to  be 
of  a  retrospective  character. 

•  Sir  Isaac  Newton  (1642-1727)  is  reported  to  have  invented 
a  steam  carriage,  the  motor  in  which  was  a  kettle  with  its  spout 
turned  to  the  rear,  and  this,  being  provided  with  a  horizontal  jet- 
piece,  formed  a  single-jet  reaction  apparatus,  similar  to  the  present- 
day  steam  toys.  Newton's  motor  was  a  Hero's  steam  engine  (invented 
in  the  2nd  century  B.C.),  according  to  Beaumont's  Cantor  Lectures 
(1895),  and  was  inferior  to  Giovanni  Banca's  steam  turbine,  made 
in  the  year  1629.  Newton  seems  to  have  been  forestalled  by  Father 
Verbiest,  a  missionary  at  Pekin,  China,  who  placed  an  seolipile 
with  jets  playing  on  a  revolving  winged  wheel  geared  to  the  wheels 
of  a  car.  About  the  end  of  the  17th  century  and  the  beginning  of 
the  18th  Papin,  Savery,  and  others  ma(}e  suggestions,  which,  how- 
ever, do  not  appear  to  have  been  of  much  value.  Dr.  John  Robison 
(1739-1805)  suggested  to  James  Watt,  in  1759,  it  is  said,  the 
possibility  of  applying  steam  to  carriage  propulsion ;  but  Watt  did 
not  encourage  the  scheme,  either  to  Robison  or,  in  later  years, 
b2 
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to   Dr.    Erasmus    Darwin    (1731-1802),    Matthew    Boulton    (1728- 
1809),  Small,  Moore,  and  William  Murdock  (1754-1839),  the  last- 
named  of  whom  had  made  a  really  successful  locomotive.     James 
Watt  himself,  in  1784,  patented  an  invention  for  propelling  vehicles 
by    steam  —  an    invention    never    brought    to    fruition.      William 
Murdock,  Watt's  pupil,  made,  in  1785,  a  miniature  tricycle  having 
a  steam  cylinder  less  than  20  mm.  (787  in.)  in  diameter,  and  a  piston 
stroke  of  little  more  than  50  mm.  (1*97  in.).      In  1790  Nathaniel 
Read,  of  Massachusetts,  patented  a  steam  carriage  with  two  cylinders, 
whose  pistons  were  connected   to  racks  which   moved  pinions  on 
the  driving  axles,  ratchets  preventing  motion  except  in  one  way. 
This  system  of  rack  and  ratchet  has  been  revived  several  times. 
In  Read's  carriage   the  exhaust  jets  were   turned  rearwards,  thus 
acting  as  additional  propellers ;  and  as  the  exhaust  pressure  probably 
was  nearly  boiler  pressure  at    the    moment  of   release,    each   jet 
would  have  been  as  good  as  Newton's  jet,  which  it  resembled  in 
principle.      Beaumont    remarks    that    Read's  boiler,    like  those  of 
many  who  followed  him,  bore  no  relation  to   the  capacity  of  the 
cylinders,  except  that  of  equality  in  steam  space  dimensions. 

William  Symington  (1764-1831)  patented  a  steam  road  carriage 
in  1786,  and  a  model  of  the  carriage  made  by  him  had  a  cylindrical 
boiler,  with  a  lever  safety-valve,  supplying  steam  to  the  cylinder 
of  an  atmospheric  condensing  engine  whose  piston-rod  commu- 
nicated motion  by  means  of  a  rack  and  ratchet  wheel.  This  did 
not  accomplish  anything,  other  than  what  the  rack  and  ratchet 
system  could  have  done;  but  Symington's  invention  certainly  was 
better  than  some  contrivances  which  followed  it. 

The  American  inventor  Read  has  already  been  mentioned, 
and  another  is  Oliver  Evans,  who,  in  1787,  was  the  first  to  obtain 
the  right  in  Pennsylvania  and  Maryland  to  operate  steam  road 
wagons,  and  who,  in  1805,  built  a  combined  boat  and  road  wagon. 
In  France  a  vehicle  of  the  same  kind—  a  small  steamboat  on  wheels 
— was  built  by  Charles  Dallery. 

An  advance  on  any  of  the  foregoing  was  made  by  Richard 
Trevithick  (1771-1833),  who,  with  his  friend  Vivian,  patented  a 
steam  carriage  in  1802 ;  gearing  connected  the  crank-shaft  with 
the  driving  wheels,  and  a  flywheel  was  placed  on  the  former. 
The  carriage  ran  several  journeys,  the  speed  being  as  great  as 
16  km.  (10  miles)  an  hour ;  but  at  the  end  of  three  years  the  partners 
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had  spent  all  their  money  on  it,  and  it  was  sold  for  driving  a 
hoop-rolling  mill — ^work  which  it  did  satisfactorily  for  many  years. 
The  Trevithick  vehicle  was  the  first  example,  as  far  as  automobiles 
are  concerned,  of  transmitting  power  by  gearing. 

The  first  steam  carriage  having  comfortable  accommodation 
for  passengei-s  was  designed  by  Julius  Griffiths,  and  in  1821  built 
in  the  works  founded  by  Joseph  Bramah  (1748-1814).  The 
boiler  had  superposed  rows  of  horizontal  tubes,  in  which  the 
water  was  vaporised  and  superheated :  it  is  the  oldest  example  of 
tubular  boilers  now  so  widely  known.  After  acting  in  the  two 
vertical  cylinder  engines  which  work  the  driving  axle,  the  steam 
was  condensed  in  a  set  of  thin  tubes  that  became  cold  in  contact 
with  the  air,  and  returned  to  the  boiler.  Considering  the  date, 
this  arrangement  is  very  remarkable,  viewed  as  a  good  theoretic 
utilisation  of  fuel  and  water,  but  practically  it  was  defective.  The 
water-tubes  in  the  boiler  were  61  cm.  (2  ft.)  long  and  3*8  cm. 
(1*5  in.)  in  diameter,  aiid  were  flanged  to  flat,  vertical  water 
chambers,  which  were  connected  across  the  top  by  transverse 
and  longitudinal  tubes  forming  the  steam  receivers,  and  to  some 
extent  superheaters.  The  cross  tubes  numbered  114,  and  their 
heating  surface  was  about  8*26  m.^  (89  sq.  ft),  the  total  heating 
surface,  including  that  of  the  water  chambers,  being  from  10'2  to 
111  m.2  (110  to  120  sq.  ft.).  Boiler  and  motor  were  placed  on 
springs  on  a  rear  platform,  and  the  vehicle  body,  resembling  that 
of  a  stage-coach,  rested  on  springs  on  two  beams  supported  by 
the  axles.  The  rear  axle  carried  the  driving  wheels,  to  which 
a  number  of  gears,  each  giving  one  rate  of  speed,  transmitted 
motion  from  the  two  steam  pistons.  The  front  axle  was  for 
steering  as  an  ordinary  fore-carriage,  and  was  surmounted  by  the 
driver's  seat  The  failure  of  the  boiler  of  course  involved  the  failure 
of  the  whole  vehicle,  which  did  not  have  a  practical  road  trial. 

During  the  first  quarter  of  the  19th  century  the  fallacy  was 
generally  entertained  that  the  adhesion  of  ordinary  wheels  was  in- 
sufficient for  traction  purposes,  and  many  arrangements  were 
suggested  for  substituting  for  wheels  a  system  of  propulsion 
by  mechanical  legs  and  feet  in  rough  imitation  of  animal 
action.  Naturally,  these  push-foot  schemes  were  found  imprac- 
ticable, but  the  carriage  on  this  system  patented  in  1824  by 
David  Gordon  received  much  attention.     The  Gordon  automobile 
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(Fig.  2)  was  suggested,  evidently,  by  Brunton's  locomotive,  in- 
vented some  years  previously.  The  motive  power  was  required  to 
drive  six  regular  hinged  feet,  whose  purpose  was  to  propel  the  vehicle 
in  the  same  way  as  a  horse's  feet  work,  feet  being  arranged  under  the 
car  in  pairs  on  each  side  and  in  the  centre.  Stephenson  had  not 
then  demonstrated  the  efficacy  of  adherence,  otherwise  the  push- 
foot  delusion  would  not  have  gained  serious  consideration. 

A  departure  from  previous  methods  was  made  in  1824  by  W.  H. 
James,  who  then  patented  a  steam  carriage  in  which  the  engines 
were  not  connected  to  the  road  wheels.  He  employed  two  tubular 
boilers,  formed  of  concentric  tubes,  whose  capacity  was  better  pro- 
portioned to  the  size  of  the  engine  than  in  former  attempts  made 
by  other  inventors.  The  four  cylinders  were  each  8*9  cm.  (3*5  in.)  in 
diameter ;  pistons  were  coupled  in  pairs  to  the  two  parts  of  a  crank- 
shaft, upon  each  of  which  a  back  road  wheel  was  keyed ;  thus  the  two 
wheels  were  independent  of  each  other.  A  regulator  distributed  the 
steam  to  the  two  pairs  of  cylinders  according  to  the  work  which  fell 
to  each  wheel 

The  boiler  in  the  James  vehicle  (says  Beaumont's  Cantor 
Lectures)  consisted  of  a  number  of  rings  of  tubes,  connected  to- 
gether and  placed  one  outside  the  other  so  as  to  form  a  series 
of  annular  spaces,  alternately,  of  tubes,  about  three-fourths  being 
filled  with  water  and  heated  gases;  the  tire  was  in  the  central 
ring  of  tubes,  this  central  ring  being  1  m.  37  cm.  (4  ft.  6  in.)  long, 
and  5334  cm.  (1  ft.  9  in.)  in  diameter.  The  water  tubes  in  the 
boiler  were  of  2*54  cm.  (1  in.)  gaspipe,  and  gave  much  trouble ; 
but  in  spite  of  all  defects  a  car  built  on  this  system,  and  weighing 
less  than  4J  tons,  ran  from  Epping  Forest  to  London  with  only 
one  boiler  at  work. 

James  improved  on  his  car  in  a  traction  vehicle,  built  in  1829, 
in  which,  however,  he  employed  the  same  kind  of  boiler,  which  was 
made  up  of  nearly  200  tubular  rings  and  400  ft.  of  1*9  cm.  (|  in.) 
water  tube  enclosed  in  a  space  1  m.  22  cm.  by  91*4  cm.  by  61  cm. 
(4  ft.  by  3  ft.  by  2  ft.).  The  exhaust  from  the  engine  was  so  hot  that 
it  melted  the  solder  of  two  copper  tanks  in  which  the  feed  water  was 
heated,  brazing  with  hard  solder  being  rendered  necessary. 

An  automobile,  resembling  in  general  appearance  a  four-horse 
mail-coach,  was  patented  in  1825  by  Burstall  and  Hall,  but  it 
failed  owing  to  its  boiler,  which  was  placed  in  the  rear,  and  which 
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consisted  of  a  cast-iron  fire-box,  whose  upper  surface  formed  shallow 
trays  or  dishes  immediately  over  the  fire-grate.  Water  was  injected 
into  these  trays  from  a  feed-water  tank,  the  pressure  in  which 
was  maintained  at  42  kg.  per  cm.- (60  lb.  per  sq.  in.)  by  pumps  which 
forced  air  into  the  upper  part.  The  boUer  resembled  the  modern  flash 
boiler  or  instantaneous  generator,  the  wrought-iron  shell  surround- 
ing the  cast-iron  fire-box,  which  had  a  rather  long  chimney.  The 
boiler  fed  a  grasshopper  engine,  having  two  vertical  beam  cylinders, 
whose  beams  were  directly  connected  to  cranks  at  right  angles, 
the  main  axle  being  the  crank-shaft.  The  intention  was  to  make 
the  front  axle  a  driving  axle  also  by  means  of  the  bevel  gearing, 


Fig.  2. — David  Gokdok's  Steam  Carriage. 


there  being  a  universal  joint  just  in  front  of  the  water  tank  to 
permit  of  the  movement  of  the  front  wheels  for  steering.  The 
exhaust -from  the  engine  was  passed  into  a  silencer,  and  its  emission 
therefrom  regulated  so  as  to  prevent  noise.  The  engines  were 
said  to  be  capable  of  giving  10  horse-power,  but  the  reported 
obtainable  speed  was  only  from  5*95  km.  to  6*9  km.  (»37  to  43  miles) 
per  hour,  and  the  whole  thing  was  a  failure. 

Following  on  the  James  and  Burstall  patents,  several  inventions 
appeared  in  Great  Britain  and  in  the  United  States,  there  being 
a  few  road  trials  in  the  former. 

Sir  Goldsworthy  Gumeys  first  attempt  at  automobile  con- 
stmction  was  a  steam  carriage  impelled  by  legs  moved  backwards 
and  forwards  by  steam  cylinders,  but,  abandoning  such  an  imprac- 
ticable vehicle,  he  devoted  himself  to  traction  engines,  and  in 
particular  automobiles  of  an  advanced   type.      In  a  carriage  built 
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by  Gurney  in  1828  the  boiler  was  at  the  back,  as  shown  in 
Fig.  8,  which  is  reproduced  from  the  Minutes  of  Proceedings  of 
the  Institution  of  Civil  Engineers  (as  is  also  Fig.  4),  and  consisted 
of  a  layer  of  tubes  slightly  inclined  to  the  horizontal,  these 
forming  the  bars  of  the  fire-box,  which  had  a  door  at  the  back 
not  shown  in  the  figure.  These  tubes  were  bent  over  as  shown  in 
Fig.  3,  being  shaped  like  the  letter  <  on  its  side,  the  ends  running 
into  two  large  horizontal  boilers  connected  by  two  vertical  tubes. 
From  the  top  boiler  the  steam  goes  into  a  wrought-iron  steam-chest, 
which  acts  as  a  separator  for  the  primed  water,  which  returns  to  the 
lower  boiler,  and  for  the  steam  which  passes  out  near  the  top  through 
the  pipe  to  the  front,  thus  crossing  the  smoke  box,  where  it  dries ; 
then  it  passes  to  a  cock  which  the  driver  works  by  aid  of  the  side 
lever,  finally  entering  the  slide  valve  box  of  cylinder. 

Gurney  used  steam  at  a  pressure  of  from  49  kg.  to  8*4  kg.  per 
cm.2  (70  lb.  to  120  lb.  per  sq.  in.),  the  average  pressure  in  the 
cylinder  being  2*8  kg.  per  cm.^  (40  lb.  per  sq.  in.).  The  piston 
drives  the  back  wheel  with  a  connecting  rod,  and  a  crank  and  a 
wheel  by  the  aid  of  the  eccentric  gear  works  the  slide  valve.  The 
valve  mechanism  is  worked  by  a  cord,  and  by  a  lever  the  driver 
controls  the  entrance  of  steam  into  the  cylinder,  so  as  to  start  the 
car,  change  its  rate  of  speed,  run  back  or  stop.  After  acting  in  the 
cylinder  the  steam  passes  to  a  kind  of  condenser  cooled  outside  by 
the  water  in  the  tank  ;  the  non-condensed  steam  goes  to  the 
funnel  and  increases  the  draught.  Moreover,  the  latter  was  assured 
by  a  fan  driven  by  a  little  steam  motor  which  also  drives  the 
feed  pump.  This  pump  receives  water  from  the  tank  where  it 
is  heated  by  the  waste  steam,  and  sends  it  through  the  smoke- 
box  into  the  top  horizontal  boiler.  To  set  the  boiler  working, 
a  little  pump  was  operated  by  hand.  Steering  was  obtained  by 
aid  of  a  fifth  wheel  in  front,  which,  under  the  action  of  a  lever 
guided  the  shafts  in  the  required  direction.  Sir  Charles  Dance 
established  a  regular  service  with  Gurney  cars  between  Gloucester 
and  Cheltenham,  running  four  journeys  daily.  It  took  45  minutes, 
or  at  most  an  hour,  to  cover  the  distance  of  14*48  ra.  (9  miles). 
These  cars  travelled  a  distance  of  about  6,440  km.  (4,000  miles) 
from  21st  February  to  22nd  June,  1831,  the  number  of  passengers 
being  3,000.  On  June  23rd  the  axle  of  a  car  broke,  and  this  accident 
though  not  serious,  was  the  origin  of  a  severe  attack  on  automobiles. 
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Although  great  difficulties  were  placed  in  the  way  of  Sir  Charles 
Dance,  he  persevered  in  his  attempt  to  popularise  automobilisni,  and 
in  connection  with  Maudslay  and  Field  he  patented  a  new  boiler, 
which,  resembling  Gurney's,  was  of  the  water-tube  type ;  its  tubes  were 
arranged  crosswise  like  a  large  letter  X,  and  at  the  bottom  of  the 
legs  of  the  X  were  two  horizontal  tubes,  extending  fore  and  aft  the 
length  of  the  boiler.  Smaller  tubes  started  from  these  horizontal 
tubes,  partly  at  an  angle  of  about  45°,  and  so  disposed  as  to  pass 
each  other  at  the  centre  of  the  X,  beyond  which  they  were  completed 
by  means  of  an  elbow  and  junction  pieces.  Within  these,  says 
Beaumont  in  the  Cantor  Lectures  already  alluded  to,  the  water  was 
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Fig.  3 — Gukney's  Steam  Coach. 


separated  from  the  steam,  this  latter  passing  away  by  pipes  on  the 
top  of  the  junction  pieces,  which  were  connected  by  horizontal 
cross  tubes,  from  which  the  dry  steam  was  taken.  A  carriage  fitted 
with  this  boiler  is  recorded  by  Sir  Frederick  Bramwell  to  have 
worked  extremely  well;  it  travelled  from  London  to  Reading,  a 
distance  of  about  724  km.  (45  miles)  from  Hyde  Park  Corner,  in 
3|  hours,  towing  a  full  omnibus  all  the  way.  The  new  boiler  was 
considered  to  have  a  greater  efficiency  than  the  previous  ones 
made  by  Gumey. 

About  the  autumn  of  1831,  William  Alltoft  Summers  and 
Nathaniel  Ogle  made  two  steam  carriages,  one  of  which  frequently 
attained  the  speed  of  48*3  km.  (30  miles)  an  hour,  according  to 
Summers.  This  vehicle  was  a  treble-bodied  phaeton,  having  only 
three  wheels,  and  when  water  and  fuel  were  on  board  weighing  only 
3  tons,  it  being  capable  of  carrying  from  16  to  18  passengers.     The 
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driving  wheels  had  a  diameter  of  1  in.  68  cm.  (5  ft.  6  in.),  former 
wheels  152  cm.  (6  in.)  larger  in  diameter  having  given  way  at  the 
felloe  end  of  the  spokes.  The  boiler,  1  m.  12  cm.  (44  in.)  high  with- 
out case,  and  71  cm.  by  914  cm.  (28  in.  by  36  in.)  on  plan,  was  a 
vertical  water-tube  boiler  having  six  rows  of  tubes,  and  there  were 
internal  smoke  tubes,  914  cm.  (3  ft.)  long.  The  grate  surface  was 
55  m.^  (6  sq.  ft.),  and  the  total  heating  surface  was  nearly  232  m.* 
(250  sq.  ft.).  The  (reputed)  20  h.-p.  engine  used  with  this  boiler  had 
19  cm.  (7i  in.)  cylinders  and  a  stroke  of  457  cm.  (18  in.),  and  was 
coupled  direct  to  the  crank  driving  axle. 

The  good  work  of  Walter  Hancock  (1799-1852),  one  of  the  most 


Fig.  4. — Hancock'b  Stb^m  Ohnikus. 


important  personages  in  the  history  of  the  steam  aiitomobile  will 
now  be  investigated. 

After  having  built  various  types  of  steam  carriage,  the  first  of 
which  was  a  steam  tricycle  in  which  the  single  wheel  in  front  was 
driven  by  two  oscillating  cylinders,  Hancock  invented  in  1829-1833 
the  omnibus  shown  by  Fig.  4,  in  which  the  most  characteristic  feature 
is  the  high-pressure  boiler,  which  was  economic  and  efficient.  The 
boiler  is  seen  at  tho  back  of  Fig.  4,  a  section  being  shown  by  Fig.  .5. 
The  water  was  contained  in  vertical  compartments  A,  separated  by 
partitions  B,  in  which  were  grooves  for  the  circulation  of  the  hot 
gases.  These  partitions  were  plates  of  soft  iron,  or  preferably  copper, 
in  which  hemispheres  had  been  hammered  on  a  .suitable  die,  the 
plate  being  folded  down  the  centre  on  itself  and  riveted  along  the 
edges,  80  that  the  concave  sides  of  the  hemispheres  came  one  opposite 
another.  The  embossed  sheet  was  bent  to  a  thin  bag  form,  having 
the  hemispheres  or  bosses  on  each  of  its  outer  sides  to  rest  again-st 
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those  of  the  next  plates,  so  forming  fire  tuliea.  Big  central 
holes  in  the  plates  were  furnished  with  bronze  or  copper  rin^,  which 
together  formed  the  big  horizontal  tubes  perforated  with 
holes  (see  Fig.  5),  the  top  one  containing  steam  and  the  lower 
one  water.  Rods  L,  with  screwed  ends,  carry  nuts  to  tighten  the 
rings  one  (gainst  the  other,  and  with  rods  E  hold  together  all  the 
parts,  forming  a  water-tight  box  Inside  the  plates  shown  at  C.     The 


Fig.  S. — Hancock's  Boileu.     Fig.  6,— Plate  o 
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feed  water  entered  the  boiler  through  the  pipe  shown  at  M,  and 
its  level  was  shown  in  the  vortical  tube  furnished  with  gauge  cocks ; 
the  steam  made  its  exit  through  the  pipe  N.  All  the  parts  were 
enclosed  in  a  box  shown  in  Fig.  4,  the  box  itself  being  inside  an 
outer  shut  casing  containing  the  grate,  which  was  automatically  fed 
with  coke ;  a  current  of  air  wa.s  supplied  by  a  fan  in  the  centre  of 
the  underpart  of  the  car.  The  steam  worked  an  engine  having  two 
vertical  cylinders  which  drove  the  feed  pnnip,  the  fan,  and  especially 
a  shaft  which  transmitted  motion  by  chain  pulleys  to  the  rear  axle. 
The  fit«am  on  leaving  the  cylinders  passed  to  the  fire-|jox,  crossed 
the  grate,  and  escaped  invisibly  and  without  noise  from  the  funnel. 
The   wheels,   with    cast    iron   hubs,   had   wood    spokes    compressed 
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between  two  metal  discs.  The  outer  disc  on  each  driving  wheel  had 
cast  on  it  two  projections,  with  which  two  similar  projections  came 
into  contact  to  transmit  motion  from  the  motor.  This  system  of 
contact  allowed  the  two  wheels,  though  made  interdependent  by  the 
motor  parts,  to  turn  about  100°  in  relation  to  one  another,  a 
sufficient  amount  for  ordinary  turns.  For  sharp  turns  the  motor 
parts  had  a  special  screw  device,  by  which  the  outside  wheel  made 
several  turns  whilst  the  other  wheel  remained  motionless.  The  com- 
plication of  this  system  may  be  contrasted  with  the  modem  differen- 
tial gear,  to  the  greater  appreciation  of  the  latter.  Hancock  built 
nine  cars,  six  of  them  having  boilers  like  that  just  described,  which 
gave  very  good  service.  For  20  weeks,  in  1836,  five  of  these  vehicles 
formed  a  regular  service  between  Stratford,  Paddington,  and  Islington, 
carrying  in  all  12,761  passengers  and  running  6,760  km.  (4,200  miles). 
Thus  Hancock  achieved  a  practical  success,  so  far  as  proving  the  pos- 
sibility of  steam  locomotion  on  common  roads,  though  it  is  doubtful 
whether  his  experience  pointed  to  the  possibility,  at  that  date,  of  any 
commercial  success.  His  work  was  greatly  in  advance  of  anything 
preceding  it  or  immediately  succeeding  it ;  but  still,  the  best  of  his 
coaches  provided  but  poor  comfort  for  passengers,  who,  though 
seated  in  front  of  the  motor,  must  have  been  subject  to  consider- 
able vibration,  resulting  from  the  employment  of  powerful  and  un- 
balanced engines,  and  the  transmission  of  their  power  by  rough 
chain  gear.  Hancock  accomplished  much,  but  left  much  more  to 
be  accomplished. 

Although  Hancock's  work  overshadows  that  of  his  contempo- 
raries, some  mention  must  be  made  of  two  or  three  other  inventors, 
the  products  of  whose  ingenuity  appeared  sometime  in  or  near 
the  fourth  decade  of  the  19th  century.  Macerone  and  Squire, 
in  the  year  1834-1835,  made  and  operated  a  steam  coach  fitted 
with  a  vertical  water-tube  boiler  containing  about  80  vertical  tubes, 
connected  top  and  bottom  by  small  stay  tubes.  There  was  a 
central  steam  receiver,  and  the  engine  worked  at  a  maximum  steam 
pressure  of  8*5  kg.  per  cm.^  (150  lb.  per  sq.  in.).  Such  a  steam 
pressure  was  far  in  advance  of  practice  which  obtained  many  years 
after,  and,  indeed,  big  pressures  are  only  now  becoming  popular.  The 
engines  used  had  pistons  o£  19  cm.  (75  in.)  diameter,  and  40  cm. 
(1575  in.)  stroke ;  the  cylinders  were  fixed  on  the  perch-pole  under- 
frame,  and  coupling  was  direct  to  a  crank-shaft  which  formed  the 
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driving  axle.  As  in  previous  cases,  the  use  of  a  crank  axle  caused  mucli 
trouble,  which  subsequently  was  avoided  by  the  arrangement  devised 
by  Hancock  as  described  on  p.  12.  The  almost  self- feeding  furnace 
was  fed  with  the  coke  fuel  from  a  hopper,  the  forced  draught  being 
supplied  by  a  fan  pulley,  driven  from  one  of  the  road  wheels.  The 
average  hourly  speed  obtained  is  reported  to  have  been  22*5  km.  (14 
miles),  and  the  total  distance  run  by  the  coach  was  2,735  km.  (1,700 
miles).  Beaumont  characterises  as  "  absolutely  untrue  "  the  widely 
published  statement  that  this  distance  was  covered  without  any 
noteworthy  repair. 

Joseph  Gibbs  patented,  in  1830,  a  boiler  which  he,  in  associa- 
tion with  Chaplin,  afterwards  employed  on  a  steam  tractor.  The 
boiler  had  a  nearly  rectangular  fire-box,  delivering  into  two  spiral  tubes 
down  which  combustion  products  passed  and  escaped  about  61  cm. 
(2  ft)  from  the  ground.  The  fire-box  was  water-jacketed  partly,  and 
the  fire  was  forced  by  a  fan  blast  Friction  clutch  bands,  like 
eccentric  straps,  were  used  for  gripping  either  or  both  of  the  naves 
of  the  driving  wheels,  so  that  either  could  be  loosened  when  turning 
comers. 

Mention  will  now  be  made  of  Dr.  Church,  who  applied  many 
ingenious  ideas  in  building  automobiles,  J.  Scott  Russell,  and  many 
others,  who  ran  public  cars  at  speeds  approaching  24  km.  (15  miles) 
an  hour,  and  it  would  be  unfair  not  to  recognise  in  their  vehicles  the 
germ  of  many  devices  now  in  current  use. 

Dr.  Church,  of  Birmingham,  constructed  elaborate  but  com- 
fortable steam  coaches  between  1832  and  1835,  and  in  them  were 
introduced  some  novelties  in  connection  with  spring  wheels  and 
water- tube  boilers.  Church's  boilers  were  of  two  kinds  (1),  fire- 
box and  water  tube,  and  (2)  smoke-tube  boilers.  Beaumont  con- 
siders the  "water  space  to  be  too  confined,  and  the  firing  to  be  more 
difficult  than  with  modem  boilers,  though  with  slight  modifications 
Church's  originals  might  do  excellent  service  even  now. 

Somewhere  about  1840  J.  Scott  Russell  built  six  steam  coaches, 
and  these  were  operated,  both  in  England  and  Scotland,  from 
that  date  until  as  late  as  1857. 

Gear-driven  front  steering  wheels  and  gear-driven  back  wheels 
were  employed  in  a  coach  made  in  1840  by  F.  Hills,  of  Deptford, 
in  which  the  underframe  resembled  that  used  in  railway  practice 
with  respect  to  the  spring  suspension  and  carrying  the  driving  axle 
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between  the  pairs  of  horn  plates.  Hills  was  the  first  in  connection 
with  automobile  practice  to  allow  the  wheels  to  rotate  differentially 
on  turning  corners.  One  of  his  coaches  ran  from  London  to  Hastings 
— a  distance  of  206  km.  (128  miles) — in  one  day,  the  load  probably 
being  nine  passengers,  a  driver,  conductor,  and  stoker.  This  coach 
had  two  engines  with  254  cm.  (10  in.)  cylinders  and  45*7  cm.  (18  in.) 
stroke,  and  they  were  coupled  direct  to  the  main  crank  axle.  The 
two  1  m.  98  cm.  (6  ft.  6  in.)  driving  wheels  were  inside  the  main 
bearings,  and  loose  upon  the  crank,  and  either  or  both  could  be 
driven  by  the  crank  through  clutches  operated  by  the  driver.  For 
turning  ordinary  road  curves,  the  clutch  projections  engaging  with 
the  wheels  permitted  nearly  half  a  revolution  of  freedom ;  and  for 
turning  sharp  curves,  one  of  the  clutches  had  to  be  thrown  out.  The 
boiler  on  Hill's  coach  was  tubular,  and  weighed  1,420  kg.  (28  cwt), 
not  including  the  weight  of  water  carried  with  it.  The  water  tanks 
were  of  545  1.  (120  gal)  capacity,  and,  on  a  journey,  at  every  128  km. 
(8  miles)  a  supply  of  from  363  1.  to  454  1.  (80  to  100  gal.)  of  water 
had  to  be  taken  on  board.  The  steam  pressure  used  was  from  42  kg. 
to  49  kg.  per  cm.^  (60  lb.  to  70  lb.  per  sq.  in.),  and  the  speed  was  as 
much  as  402  km.  or  483  km.  (25  or  30  miles)  an  hour.  Hill 
invented  and  patented  a  two-speed  gear  of  the  lathe  back  gear  type, 
and  a  differential  gear,  but  does  not  appear  to  have  used  either. 

William  Worby's  agricultural  self-moving  machine,  though 
strictly  speaking  hardly  an  automobile,  may  here  be  mentioned  as 
illustrating  the  progress  made  in  the  application  of  steam  in  the  early 
decades  of  the  19th  century.  In  1842  Worby  exhibited  this  self- 
mover  at  the  Royal  Agricultural  Society's  Bristol  show,  and  its  pur- 
pose was  to  have  its  own  threshing  machine.  Apparently  this  was 
the  first  road  engine  driven  by  pitch  chain,  and  according  to  Beaumont 
the  first  driven  by  a  rotary  engine ;  p.  16,  however,  states  that  Pecqueur, 
in  1828,  constructed  a  steam  wagon  employing  a  rotary  engine. 

As  may  be  seen  by  a  comparison  of  dates,  few  of  the  above 
vehicles  were  made  prior  to  Hancock's,  though  most  of  them  after, 
but  in  nearly  all  cases  were  they  abandoned,  showing  fairly  con- 
clusively that  the  only  really  practicable  vehicle  was  Hancock's. 
Most  of  them  were  incapable  of  continuous  service,  owing  either 
to  the  great  discomfort  their  crude  construction  and  more  or  less 
frequent  breakdowns  caused  passengers,  or  to  the  great  expense  of 
running  them  and  keeping  them  in  repair. 
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The  new  style  of  locomotion  seemed  to  have  acquired  abiding 
rights  in  England,  when  certain  regrettable  accidents  were  a  signal 
for  a  regular  attack.  The  campaign  was  conducted  by  the  railway 
companies  and  carrying  companies,  who  regarded  automobiles  as  a 
dangerous  rival;  and  in  1836, the  Locomotive  Act  was  passed  by 
Parliament. 

Some  persons  attach  but  little  importance  to  the  part  played 
by  the  malignity  of  the  railway  companies  in  the  fall  of  the  steam 
road  carriage  from  popular  iavour,  and  rather  attribute  the  failure 
to  defective  mechanism,  the  frequency  and  gravity  of  damage,  ex- 
penses for  repairs,  and  the  high  cost  of  running.  Be  that  as  it 
may,  it  is  a  fact  that  automobile  owners  in  England  had  to  pay 
extortionate,  and,  indeed,  prohibitive  tolls,  on  the  turnpike  roads; 
for  instance,  between  Fresco t  and  Liverpool  the  coach  toll  was  5s., 
but  for  steam  carriages  it  was  £2  8s.;  on  the  Bathgate  road  the 
tolls  respectively  were  5s.  and  £1  7s.  Id. ;  and  on  the  road  between 
Ashburnham  and  Totnes  the  3s.  toll  for  coaches  rose  to  £2  for  steam 
carriages.  Heavy  taxes  were  levied  on  the  tariffs  Tor  automobile 
transports.  .  The  wheels  had  to  have  an  exaggerated  width  of  tyre 
or  were  heavily  taxed.  On  roads  a  man  had  to  walk  in  front  of  the 
car  waving  a  red  flag,  a  restriction  tantamount  to  prohibition.  In 
fact,  until  August  15th,  1896,  the  date  when  the  Locomotive  Act 
was  repealed,  there  were  only  some  traction  engines  and  a  very 
few  light  motor  cars  running  in  England. 

The  useful  history  of  the  development  of  the  automobile  in 
England  from  the  year  1840  to  about  1895  can  be  summed  up  very 
briefly,  as  there  is  but  little  of  importance  to  chronicle,  the  restrictions 
mentioned  in  the  last  paragraph  effectually  hindering  development 
in  any  direction.  Some  three-wheel  road  steamers  made  their  appear- 
ance, notable  among  these  being  those  made  for  the  Earl  of  Caithness, 
and  for  the  Marquis  of  Stafford,  by  Ricketts  of  Stafford.  One  of  these 
vehicles  weighed  1*5  tons,  carried  three  or  four  persons  and  a  stoker, 
and  had  a  locomotive  form  of  boiler,  and  {^  horizontal  engine ;  on  one 
end  of  the  engine  crank-shaft  was  a  pitch  chain  pinion  driving  the 
91  cm.  (3  ft.)  driving  wheels  at  a  ratio  of  1  to  2|.  The  steamer  made 
by  Ricketts  for  the  Earl  of  Caithness  was  very  similar,  but  it  weighed 
2*5  tons,  and  the  main  axle  was  driven  by  gearing  instead  of  chain. 
The  Garrett  and  Marshall  road  steamer  (1861),  known  as  the  "  Fly- 
by-Night,"  also  had  three  wheels,  and  whilst  it  was  able  to  carry  eight 


16  THE    AUTOMOBILE. 

or  nine  persons,  including  the  stoker,  its  weight  was  more  than  6  tons. 
R.  W.  Thompson's  invention  in  1845  of  the  pneumatic  tyre,  having  a 
leather  outer  cover  and  a  canvas-rubber  inner  tube  deserves  recording. 
Beaumont's  papers  (1897)  give  the  names  of  persons  who  constructed 
road  steamers  during  the  period  above  mentioned,  but  none  of  those 
vehicles  is  important,  though  that  of  H.  P.  Holt  (1866-67)  had  some 
claim  to  originality ;  in  it  the  two  driving  wheels  were  chain-driven  by 
two  little  double-cylinder  engines  running  independently,  in  the 
manner  suggested  by  James  more  than  forty  years  previously.  The 
boiler  was  of  the  fire-engine  type  and  had  Field  tubes ;  the  exhaust 
from  the  engines  passed  into  a  cast-iron  box  forming  a  battle  plate  at 
the  bottom  of  the  uptake  ;  the  superheated  exhaust,  almost  noiseless 
and  generally  invisible,  issued  from  five  jets.  A  steam  brougham, 
constructed  by  Mackenzie,  employed  a  similar  device.  Practically  the 
only  other  development  in  England  prior  to  1890  that  is  worth 
recording  here  is  that  of  Perkins,  whose  one- wheeled  steam -horse  or 
tractor  (1870)  had  a  Thompson  pneumatic  tyre,  with  a  steel  chain-link 
tyre  outside  it.*  The  boiler  was  carried  immediately  over  the  driving 
wheel,  and  had  a  water  tank  on  one  side  of  it,  and  on  the  other  a 
small  high-speed  engine  connected  by  bevelled  gearing  to  the  road 
wheel.  The  average  steam  pressure  used  in  the  engine  was  17*5  kg. 
per  cm.^  (250  lb.  per  sq.  in.)  during  experiments  made  with  a  light 
van  weighing  2,900  kg.  (57  cwt.)  with  load.  The  speed  was  only  three 
miles  an  hour,  and  the  steam  horse  could  haul  only  about  double  its 
own  weight. 

It  was  in  France  that  the  automobile  idea  was  destined  to  revive. 
It  had  slumbered  during  the  100  years  which  followed  the  invention 
of  the  Cugnot  trolley.  In  fact,  nothing  worthy  of  note  is  to  be 
found  during  this  long  period  of  time  except  the  steam  wagon 
constructed  in  1828  by  Pecqueur,  chief  of  the  workshops  of  the 
Conservatoire  des  Arts  et  Metiers,  and  the  nmning  of  some  traction 
engines.  In  the  Pecqueur  wagon  the  two  driving  wheels  were  keyed 
on  the  two  parts  of  the  rear  axle,  connected  by  the  inventor's  planet 
gearing,  the  origin  of  the  present  differential  or  balance  gear.  The 
fore-carriage  alone  was  fitted  with  springs ;  it  carried  the  boiler  and 
the  rotary  engine,  the  movement  of  which  was  transmitted  to  the 
axle  by  a  chain  passing  round  a  pulley.  This  fore-carriage  moved 
round  a  pivot  by  means  of  a  toothed  sector  gearing  with  the  lower 
pinion  of  the  vertical  shaft  of  the  steering  bar.      The  axle  arms 
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of  these  wheels  were  pivoted  vertically  in  forks  at  the  ends  of  the 
axle;  but  these  arms  were  connected,  so  as  to  remain  parallel. 
Thus,  in  the  Pecqueur  wagon,  is  found  the  germ  of  all  the  mechanism 
of  the  modern  automobile,  and  had  all  subsequent  inventors  been 
acquainted  with  it,  many  useless  endeavours  might  have  been  spared. 

In  1835  Dietz  constructed  an  ordinary  road  traction  engine. 
He  was  the  first  to  discover  the  utility  of  indiarubber  tyres.  Between 
the  wooden  felloe  and  the  iron  tjnre  of  each  wheel  was  placed  tarred 
felt,  cork,  and,  finally,  indiarubber,  secured  by  cheeks  bolted  on 
to  the  felloe.  In  1856  Lotz  ran  a  steam  passenger  carriage,  steered 
by  means  of  a  single  front  wheel  In  1866  Siguier  suggested  the 
idea  of  driving  each  wheel  by  a  separate  motor,  and  it  was  applied, 
in  1870,  by  Michau. 

A  grand  awakening  followed  after  this  long  period  of  slumber. 
As  early  as  1862  Lenoir,  followed  in  1870  by  Ch.  Ravel,  had 
endeavoured  to  employ  gas  motors  for  propelling  vehicles,  and  in 
1873  Amed^e  Bolide  built  L'Obdiasante,  a  steam  car  capable  of  carrying 
twelve  passengers ;  it  had  a  Field  boiler  and  two  cylinders,  inclined 
at  an  angle  of  40"*,  acting  upon  the  rear  axle,  and  could  be  steered 
easily,  as  the  fore-carriage  was  constructed  with  two  pivots,  in 
accordance  with  Ackermann's  invention.  A  more  improved  car  left 
the  workshops  of  BoUee,  at  Mans,  in  1880.  This  was  La  Nouvdle, 
the  omnibus  which,  15  years  later,  was  to  cover,  in  90  hrs.  3  mins. 
1,200  km.  (745  miles)  in  the  famous  race  from  Paris  to  Bordeaux 
and  back  (see  p.  765). 

Serpollet  applied  his  new  boiler  to  a  tricycle  in  1888,  and  then 
to  a  car,  with  four  seats,  which  was  run  in  Paris.  In  the  same  year 
Count  Albert  de  Dion,  Georges  Bouton,  and  Tr^pardoux  constructed 
a  steam  tricycle  with  its  driving  wheel  behind,  and  in  1889  they 
exhibited  a  steam  car;  then  in  1893  they  built  a  traction  engine 
capable  of  hauling  any  kind  of  vehicle  at  a  speed  of  45  km.  (24  miles) 
per  hour.  Shortly  afterwards  Le  Blant's  traction  engine  appeared, 
and  also  Scotte's  road  train ;  and  thus  it  appears  that  by  this  time 
steam  had  acquired  a  definite  place  in  automobile  locomotion. 

With  regard  to  petrol  motors,  which  were  to  make  gbod  for  lost 
time  in  a  brilliant  manner,  Lenoir  had,  as  early  as  1862,  employed 
a  gas  motor  fed  with  carburetted  air  instead  of  gas  to  drive  a  car 
which  ran  in  three  hours  from  Paris  to  JoinviUe-le-Pont ;  but  the 
relatively  great  weight  of  the  motor,  and  small  number  of  piston 
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strokes  (about  100  per  minute)  resulted  in  very  low  speed,  and 
hindered  success.  Mention  was  also  made,  without  stating  that  it 
ever  ran,  of  a  petrol  car  built  by  Siegfried  Markus,  of  Vienna, 
in  1877.  However,  it  may  be  said  that  petrol  spirit  never  really 
worked  a  car  until  the  end  of  1883,  by  which  time  Delamare- 
Deboutteville  had  constructed  what  is  thought  to  be  the  first  gas 
tricycle  which  actually  ran  on  the  public  road.  The  tricycle  motor 
received  illuminating  (coal)  gas  compressed  at  10  kg.  per  cm.* 
(142  lb.  per  sq.  in.)  in  two  metal  vessels.  Working  with  Malandin, 
the  inventor  just  named  made  a  carburetter,  which  first  was  applied 
to  their  fixed  motor,  and  then  to  that  of  a  petrol  car.  Their  patent 
specification  of  February  12th,  1884,  appears  to  give  them  the 
priority  often  ascribed  to  Daimler  or  Benz,  whose  petrol  cars  fol- 
lowed in  1886,  and  had  an  equally  brilliant  career.  However,  the 
general  employment  of  petrol  spirit  is  due  to  two  Frenchmen — the 
late  Levassor  and  his  companion  Panhard,  who,  in  1889,  exhibited 
in  Paris  a  tramcar  having  a  Daimler  motor.  In  1891  a  Peugeot 
car  with  Daimler  motor  ran  from  Paris  to  Brest.  Whilst  it  is 
impossible  here  to  trace  the  progress  made  in  petrol  motors, 
element  by  element,  it  is  sufficient  to  say  that  such  a  motor  is 
to-day  a  highly  successful  machine,  and  its  advancing  stages  are 
marked  by  the  trials  of  the  Petit  Journal  (1894),  organised 
through  the  initiative  of  Pierre  Giflard,  the  Paris-Bordeaux  races 
(1895),  Paris- Marseilles  (1896),  Paris-Dieppe  (1897),  Paris-Amsterdam 
(1898),  tour  through  France  (1899),  Paris-Bordeaux  (1899  and  1901), 
Richmond  trials  (1899),  the  great  Continental  races  of  1901,  1902, 
and  1903,  and  the  valuable  reliability  trials  organised  through  suc- 
cessive years  by  the  Automobile  Club  of  Great  Britain  and  Ireland. 
Electricity  as  motive  power  for  automobiles  was  suggested  in 
a  practical  way  a  little  before  petrol.  Whilst  Rafford  was  making 
the  first  experiments  with  accumulators  for  tramways,  G.  Trouv6 
constructed,  in  1881,  a  tricycle  driven  by  one  of  his  small  motors, 
fed  by  six  Plante  cells.  In  1882  Ayrton  tried  a  tricycle ;  in 
1887  Volk  a  voiturette  with  three  wheels  and  two  seats;  in  1888 
Immisch  a  dogcart  with  four  wheels ;  in  1893  appeared  Pouchain's 
phaeton,  and  in  1894  that  of  Jeantaud.  The  cab  trials  of  1898, 
1899,  and  1902  demonstrated  the  possibility  of  using  electric 
cars  for  public  service  in  towns  and  cities,  where  there  is  facility 
for  the  frequent  charging  of  the  batteries. 
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CHAPTER    IL 

MOTIVE   AGENTS   FOR  AUTOMOBILES. 

Ix  considering  the  available  forms  of  motive  power  for  use  in 
automobiles,  it  may  be  said  that  steam,  petroleum  and  its  pro- 
duets,  and  electricity  are  the  only  agents  in  use  for  the  propulsion 
of  road  vehicles.  The  question  as  to  whether  they  could  not  be 
beneficially  auxiliated  or  replaced  by  others  is  suggested  when 
running  through  the  long  hst  of  the  sources  of  energy  employed 
for  various  purposes.  In  the  case  of  compressed  air  and  hot 
water  for  tramway  traction,  Marcel  Deprez  has  given  a  very  clear 
answer.  (Conference  of  the  Automobile  Club  of  France,  Genie 
Civil,  20th  February,  1897,  and  following.)  It  seems  that,  all  else 
equal,  preference  should  be  given,  as  regards  automobiles'  to  the 
agent  possessing  the  maximum  specific  power,  that  is  to  say,  that 
agent  which,  for  a  unit  of  weight,  will  produce  the  greatest 
number  of  kilogram-metres  or  foot-pounds.  Of  course,  the  weight 
of  the  requisite  machinery  for  converting  the  agent  to  power, 
together  with  that  of  all  accessory  appliances,  must  be  taken  into 
account.  The  facilities  for  employing  this  specific  power  also 
must  be  considered.  These  two  characteristic  factors  of  aptitude 
for  road  traction  in  the  various  agents  of  energy  will  now  be 
studied,  beginning  with  those  in  current  use. 

It  is  in  burning  coal  in  a  fire-box,  utilising  the  heat  produced 
to  vaporise  the  boiler- water  under  pressure,. and  making  this  steam 
act  on  the  piston  in  an  engine  cylinder,  that  the  potential  energy 
of  coal  is  realised ;  or,  to  speak  more  plainly,  it  is  in  this  way 
that  the  quantity  of  heat  represented  by  the  coal  is  transformed 
into  work :  1  kg.  (2*2  lb.)  of  coal  or  coke  represents  from  8,000 
to  9,000  calories,  and  one  calory  (3*96  British  heat  units)  is 
equivalent  to  425  kgm.  (3,074  ft.-lb.).  Theoretically  1  kg.  of  coal 
represents  at  least  3,400,000  kgm.  (11,152,000  ft.-lb.  per  lb.).  Practical 
utilisation  of  this  energy  is  easy;  the  steam  locomotive,  that 
marvellous  engine,  is  a  manifest  proof  of  this.  Hauling  a  load  of 
c2 
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150  t.  (147  tons)  at  a  speed  of,  say,  96*5  km.  (60  miles)  an  hour, 
it  vaporises  8  kg.  of  water  per  kg.  (of  course,  8  lb.  per  1  lb.)  of  fuel, 
giving  at  the  wheel  tyres  25,000  available  kgm.  per  kg.  of  steam 
(82,200  ft.-lb.  per  lb.),  that  is,  200,000  kgm.  per  kg.  of  coal  (657,000 
ft. -lb.  per  lb.)  burnt  in  the  fire-box.  Milandre  and  Bouquet  propose 
the  employment  of  ether  instead  of  water  on  account  of  the 
economic  results  obtained  with  the  Susine  fixed  motor.  Ether 
may  have  a  greater  specific  power,  but  it  is  not  likely  that 
such  an  expensive  and  dangerous  agent  will  drive  water  from 
the  field. 

Passing  on  to  petroleum  and   the  products  of  its  distillation, 
it   is   admitted    that  1  kg.  (22  lb.)   of  the  heavy  oil,  petroleum, 
represents  at  least  10,000  calories  (39,660  British  heat  units) ;  and 
the  calorific  power  of  petrol  spirit  is  hardly  less  than  that  of  the 
petroleum.     Aime  Witz  ascribes  a  calorific  power  of  11,400  calories 
(45,210  British  heat  units)  to  a  good  petrol  spirit  (density  0*700), 
and    about    the    same    for    petroleum    (density   0850).      (For  the 
distinction  between  "  petroleum  ''  and  "  petrol  spirit,"  see  p.  108.) 
To  utilise   this  potential  energy  a  carburetted   mixture  is  formed 
with   the  air  and  with   the  hydrocarbon  (oil  or   spirit),  and   this 
mixture  then  is  exploded  in  the  cylinder  of  a  motor.     The  effective 
work  given  by   1  kg.  (2  2   lb.)  of  petroleum  at  the  wheel  tyres  is 
estimated  by  Deprez  at  750,000  kgm.  (5,425,000  ft.-lb.),  but  a  much 
smaller    estimate  may   be    accepted ;    that   quoted   by  Deprez   re- 
presents a  consumption  of  0*5  L    ('88  pt.)  of  petroleum  per  horse- 
power hour.     Now  the  very  exact  tests   to  which  the  cars   which 
ran  in  the  Times  Herald  trials  at  Chicago  {see  p.  766)  were  sub- 
jected demonstrated  the  average  consumption  to  be  2o  1.  (4*4  pt.)  of 
spirit  per  horse-power  hour,   measured  at   the  wheel  tyre.      This 
consumption  corresponds  to  150,000  kgm.  (1,085,000  ft -lb.)  available 
at   the   wheels.     No   doubt,  since   the  Chicago  race,  run    in    1895, 
the  consumption  of  oil  by  traction  motors  has  fallen,  but  it  is  still 
much  greater  than  Deprez's   estimate,  so   that  if  the  power   avail- 
able at  the  tyres  is  taken  at  250,000  kgm.  (1,808,000  ft.-lb.)  it  will 
not  be  far   from   the   truth.      Moreover,  a  very   simple  calculation 
leads    to    this    figure:   the    750   kgm.    (5,400  ft. -lb.),    available    at 
the  tyres,  is  equivalent  to  an  efliciency  of  ^^^  equals  17  per  cent. ; 
4,250,000  kgm.  is  taken  as   the   theoretical   power  given  by  1  kg. 
03,910,000  ft.-lb.  per  1  lb.)  of  petroleum.      Now,  ver)'  good  fixed 
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petroleum  motors,  especially  Priestman  motors,  give  an  efficiency  of 
onty  13  per  cent,  on  their  pulley  shaft,  whilst  consuming  0-625  1. 
(1-5  pt.)  per  horse-power  hour.     Such  a  motor,  in  the  construction 
of  which  neither  weight  nor  encumbrance  has  to  be  considered,  is 
certainly    more   economic    than    an    automobile    motor    in    which 
weight  and   dimensions  must  be  reduced  to  a  minimum.     It  will 
be  shown  later  (p.  807)  that  in  an  automobile  motor  not  more  than 
11    per   cent,   of  the  total  energy  on   the  driving    axle,  and  only 
5*5  per  cent,  at  the  tyres,  can  be  obtained,  owing  to  losses  caused 
in  transmission.     The  energy  available  at  the  wheels,  then,  is  equi- 
valent to  4,250,000  X  0055  =  233,750  kgm.,  or,  in  round  figures,  250,000 
kgm.  for  every  1  kg.  of  petroleum  (820,000  ft. -lb.  per  lb.).    The  use 
of  a  Diesel  motor  and  perhaps  of  other  but  particularly  economic 
motors,  may  make  it  possible  to  greatly  augment    these  figures. 
Practical  application  of  petroleum,  although  the  motor  is  more  com- 
plicated  than  the  steam   engine,  is  possible  and,  of  course,  daily 
realised ;  the  application  becomes  an  easier  matter  when  use  is  made 
of  petrol  spirit,  which,  it  is  hoped,  will  soon  become  as  common  as 
the  heavy  coal  tar  oils,  the  calorific  power  of  which  rises  to  15,000 
calories  per  kg.  (27,040  British  heat  units  per  lb.),  almost  double 
that  of  coke ;    1  kg.  of  these  oils  could  easily  vaporise  from  13  kg. 
to  15  kg.  (29  lb.  to  33  lb.)  of  water. 

With  regard  to  electricity,  the  best  secondary  batteries,  commonly 
called  accumulators,  or  storage  batteries,  give  per  kg.  from  5,000  to 
10,000  kgm.  (16,400  to  32,800  ft.-lb.  per  lb.),  says  Pisca,  whilst 
Hospitallers  estimate  is  7,000  to  8,000  kgm.  (22,960  to  26,240  ft.-lb. 
per  lb.)  ;  the  latter  estimate  is  deemed  preferable.  The  specific 
power  of  electricity  supplied  by  accumulators  is  much  less  than 
that  of  petroleum,  the  former  being  scarcely  4  per  cent.  However, 
the  second  condition  —  namely,  facility  of  utilisation  —  is  so  well 
fulfilled  that,  as  will  be  shown  later,  the  electric  car  is  quite  possible. 

The  suggested  substitutes  for  the  three  above  agents  will  now  be 
considered,  taking  in  the  first  place  gas  under  pressure  and  com- 
pressed air.  As  regards  air,  its  native  density,  even  under  heavy 
pressure,  is  very  slight,  and  enables  it  to  accumulate  considerable 
energy;  1  kg.  of  air  compressed  at  45  atmospheres  is  equivalent 
to  not  less  than  20,765  kgm.  (68,110  ft.-lb.  per  lb.).  It  must,  how- 
ever, be  confined  in  a  receptacle  weighing  thirteen  times  more 
than  itself,  so  that  the  specific  power  of  this  same  confined  air  is 
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not  more  than  1,608  kgm.  (IIGOO  ft.-lb.).  This  cannot  compare  with 
4,250,000  theoretic  kgra.  and  250,000  kgm.  effective  at  the  wheels 
given  by  1  kg.  of  petroleum  (13,940,000  ft.-lb.  and  1,190,000  ft.-lb.  per 
1  lb.).  As  regards  practical  employment  of  compressed  air,  its  use 
on  public  tramways  will  be  familiar.  The  air  compressed  at  45,  60, 
and  even  90  atmospheres,  by  aid  of  a  special  apparatus,  which 
must  be  prevented  from  heating,  is  carried  in  receptacles  on  the  car. 
The  compressed  air  does  work  by  its  expansion  in  the  motor  cylinder, 
but  as  this  expansion  would  be  followed  by  cooling  and  formation  of 
ice  in  the  cylinder  and  exhaust  pipes,  the  compressed  air  must  be 
heated  before  use,  by  making  it  bubble  through  hot  water,  or  by 
passing  through  heated  pipes.  All  this  certainly  complicates  the 
use  of  compressed  air  as  regards  automobiles,  but  its  use  is  possible 
for  tramcars  which,  whilst  always  running  along  the  same  road,  and 
periodically  returning  to  the  charging  stations,  are  sufficiently  big 
to  carry  heavy  receptacles  containing  the  fluid.  Finally,  the  decrease 
of  traction  strain  offered  by  the  rails  and  the  number  of  passengers 
simultaneously  transported  make  the  cost  per  car-kilometre  or  per 
car-mile    reasonable,    though    still    relatively    great.      (With     the  ■ 

Mekarski  tramways  of  Paris  and  Nantes,  whose  cars  each  weigh  12 
tons  and  carry  50  passengers,  the  cost  per  car-kilometre  is  3-3d., 
that  is,  5"3d.  per  car-rnile ;  in  the  former  figures,  the  compressed  air 
is  represented  by  l'9d.,  repairs  of  pipes  070d.,  and  repairs  and  lubri- 
cation of  the  car,  0*67d.) 

This  would  not  be  feasible  for  an  automobile  which  must  find 
supplies  easily  and  has  not  space  to  carry  sufficient  tanks  for  a  long 
journey ;  and  consequently,  in  spite  of  its  real  advantJ^es  as  regards 
cleanliness,  ease  of  starting  and  stopping  by  aid  of  a  valve,  and  the 
impossibility  of  fire,  this  system  of  propulsion  does  not  seem  to  be 
suitable  for  automobiles ;  this  fact  explains  the  failure  of  experiments. 
W.  Mann  in  1822,  Wright  in  1830,  and  Fordham  in  1832,  prepared 
plans  for  compressed  air  automobiles  which  have  never  been 
executed.  In  1840,  two  French  engineers,  Andraud  and  Tessie 
du  Motay,  built  the  first  compressed  air  car,  and  on  July  9th  of 
the  same  year  it  made  a  trial  trip  at  Chaillot  on  a  railway  track ; 
Its  structure    would   have    enabled  it  also   to  run    on    roads,  but  i 

there  is  doubt  whether  it  ever  ran  on  any  other  occasion  than 
that  mentioned.  Recently,  Hartley  of  Chicago  constructed  a 
tricvcle  with  a  reservoir  between  the  two  front  bearing:  and  steering 
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wheels.  This  air  container  drove  a  two-cylinder  motor,  which 
transmitted  its  motion  by  means  of  two  chains  to  the  rear  driving- 
wheel.  An  average  speed  of  12*8  km.  (8  miles)  an  hour  was  obtained  : 
but  though  the  Chicago  postal  authorities  endeavoured  to  sub- 
stitute it  for  some  of  their  ordinary  cars,  it  is  not  thought  to 
have  much  of  a  future,  even  for  purely  city  service.  Ravel 
states,  in  a  French  publication,  that  this  system,  tried  about  1888 
on  a  tramway,  showed  a  loss  of  70  per  cent,  by  the  transmission 
gear. 

Finally,  at  the  Paris  Salon  of  1899,  the  firm  of  Molas,  Lamielle, 
and  Tessier  exhibited  a  heavy  goods  vehicle;  but,  though  it  may 
be  regarded  as  the  medium  between  the  light  car,  for  which 
the  employment  of  air  seems  impossible,  and  the  tramcar,  for 
which  it  is  used  daily,  it  is  not  believed  that  this  application 
will  lead  to  anything.  The  vehicle  in  question,  originally  con- 
structed for  animal  traction,  was  adapted  with  only  the  minimum 
number  of  alterations  actually  required  for  its  new  use.  The  air 
supply  is  said  to  be  carried  in  bottles  made  of  a  special  kind  of 
soft  steel,  which  does  not  burst,  but  tears  like  lead  when  the 
pressure  is  too  great  to  be  withstood.  Some  further  particulars 
should  be  given  of  this  steel,  which  so  surely  obviates  the  danger 
of  storing  gases  compressed  until  they  give  a  pressure  of  not  less 
than  300  kg.  per  cm.^  (4,270  lb.  per  sq.  in.).  Many  tramcars  in 
France  employed  air  compressed  to  only  45  atmospheres,  and  in 
any  case  it  is  not  believed  that  the  pressure  in  the  above  case  ex- 
ceeds twice  that,  whereas  Molas,  Lamielle,  and  Tessier  make  it  more 
than  six  times.  In  America,  it  is  said,  the  air  is  now  compressed 
to  this  pressure.  A  suitable  expansion  brings  the  compressed  air 
to  the  pressure  at  which  it  is  employed  in  the  cylinders,  namely, 
60  kg.  to  4  kg.  per  cm.^  (854  lb.  to  57  lb.  per  sq.  in.),  and  the 
precautions  taken  to  prevent  the  formation  of  ice  are  not  stated. 
The  motor,  composed  of  four  single-acting  cylinders,  is  placed  with 
its  adjuncts  in  the  car,  under  the  driver's  seat,  out  of  the  way  ol 
mud  and  dust;  and  the  makers  say  that  a  special  system  of  dis< 
tribution  enables  the  air  to  be  employed  to  within  the  last  few 
cubic  centimetres.  Normally,  the  motor  makes  only  280  revolutions 
per  minute,  and  from  1  h.p.  to  35  h.p.  can  be  obtained.  The 
four  pistons  directly  drive  the  intermediary  shaft  carrying  the 
little  sprocket  wheel,  which,  by  means  of  chains,  impels  the  driving 
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wheels,  these  being  at  the  back  of  the  vehicle,  and  furnished  with 
sprocket  pulleys ;  a  stretcher,  said  to  be  similar  to  two  guide  rollers, 
keeps  the  chain  links  in  the  pockets  intended  for  their  reception. 
Steering  is  made  possible  by  means  of  a  pivoted  fore-carriage. 
The  constructors  give  the  following  figures: — 


Weight  of  car         

•  •  • 

1,400  kg.      ... 

3,090  lb. 

„       „    motor  and  adjuncts 

•  •  • 

450  kg.      ... 

990  lb. 

„       „    compressed  air  tanks 

•  ■  • 

1,050  kg.      ... 

2,315  lb. 

„       „    car  in  running?  order 

•  •  • 

2,900  kg.      ... 

6,500  lb. 

„       „    useful  load      

•  •  • 

2,000  kg.      ... 

4,410  lb. 

„       „    useful    load    compared    with 

total 

weight  of  loaded  car 

. .  • 

40*8  per  cent. 

Speed  per  hour 

• » . 

10  km. 

6*2  miles. 

Cost  of  motor  car 

•  •  • 

10,000  fr.     ... 

£400. 

Cost    price    per   ton  per  kilometre  for 

daily 

journey  of  50  km.  (31  miles). 

•  •  • 

♦0-295  fr.    ... 

2s.  8d 

Cost   price   per   ton  per  kilometre  for 

daily 

journey  of  100  km.  (62  miles) 

•  •  • 

t0196  fr.    ... 

Is.  8d. 

*  Is.  7d.  per  ton  per  tnile. 


t  Is.  Id.  per  ton  per  mi 


mile. 


These  figures  show  greater  economy  than  those  obtained  in  the 
Versailles  competition  in  1897  (see  p.  767),  but  they  cannot  be 
compared  legitimately  until  they  have  been  verified  by  tests  made 
and  controlled  as  carefully  as  those  of  the  competition.  Until 
then,  it  will  be  more  economic,  it  is  thought,  to  bum  coal  in  the 
boiler  of  an  automobile  than  in  that  of  a  compressor  to  feed 
the  car. 

Almost  analogous  conclusions  apply  to  the  employment  of 
illuminating  gas  in  some  Ltlhrig  tramcars  with  an  expenditure  of 
800  L  (28-25  kg.)  of  gas  per  car  km. ;  this  form  of  energy  was 
tested  in  1883  by  Delamare  -  Deboutteville  on  a  tricycle  {see 
p.  18). 

With  regard  to  the  employment  of  liquefied  gases  and  carbonic 
acid,  it  may  be  said  that  the  specific  ^wer  of  a  liquefied  gas  is 
proportional  to  the  amount  of  work  expended  to  bring  it  to  this 
state.  The  method  of  utilising  this  work  is  very  similar  to  that 
of  compressed  gases ;  when  the  pressure  which  keeps  the  gas 
liquid  is  removed,  the  gas  returns  to  its  former  state,  its  ex- 
pansive   force    working     the     piston,    and    the    gas    absorbing    a 
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quantity  of  heat  equivalent  to  the  amount  of  which  it  was 
deprived  by  the  process  of  liquefaction.  As  the  heat  at  which 
the  liquid  gas  is  vaporised  is  always  much  less  than  that  of  water, 
and  also  for  many  other  causes,  water  is  much  preferable  to 
liquefied  gases.  Liquefied  gases  are  less  inconvenient  to  carry, 
power  being  equal,  than  compressed  gases,  but  the  danger  of 
explosion  is  greater.  In  April,  1898,  at  a  meeting  of  the  Franklin 
Institute,  F.  Roberts  exhibited  a  25-h.p.  horizontal  motor  driven  by 
carbonic  acid,  the  total  weight  of  which,  bed-plate  included,  did 
not  exceed  38*5  kg.  (84'8  lb.).  There  were  three  double-acting 
cylinders,  of  50  mm.  (2  in.)  diameter,  and  50  mm.  throw,  and  the 
slide  valve  gear  was  governed  by  cams.  The  force  of  25  h.p. 
corresponded  to  a  pressure  of  110  kg.  per  cm.^  (1,564  lb.  per  sq.  in.), 
and  a  speed  of  2,000  revolutions  per  minute.  The  New  Power  Co. 
of  New  York  constructed  a  tramcar  motor  like  a  steam  engine, 
although  the  valve  gear  and  some  other  details  differed;  the 
carbonic  acid,  accumulated  in  steel  tanks  under  a  pressure  of 
70  kg.  per  cm.^  (995  lb.  per  sq.  in.),  ran  directly  to  the  cylinders 
without  any  expansion  or  reducing  valve,  but  with  a  re-heater. 
The  cylinders  are  10  cm.  (4  in.)  diameter  and  15  cm.  (6  in.) 
throw;  taking  the  cost  of  carbonic  acid  at  New  York  to  be  only 
0*37  fr.  per  kg.  (3^d.  per  lb.),  that  of  a  horse-power  hour  in  a 
24-hour  run  is  only  065  fr.  (0*6d.).  The  point  to  ascertain  is 
whether  the  working  will  ever  be  practicable  for  an  automobile. 
Motors  driven  by  liquid  carbonic  acid  and  hot  water  have  been 
invented  by  Francq  and  Marchena,  but  they  seem  very  compli- 
cated for  road  traction. 

Liquid  air,  according  to  F.  Richard,  will  not  give  the  powerful 
light  motor  required  for  automobile  locomotion.  Employed  for 
producing  power  and  without  reckoning  the  friction  of  the 
piston  or  the  great  space  occupied,  a  liquid  air  motor  gives  only 
0*454  h.p.  in  return  for  the  73  h.p.  expended  by  the  compressor 
which  produced  it.  There  is  nothing  attractive  in  an  efficiency 
of  0*6  per  cent.  It  need  hardly  be  said  that  these  figures, 
like  the  preceding,  must  be  accepted  with  reserve.  Now  is 
not  the  time  to  express  any  opinion  respecting  the  future  of 
liquid  air,  which  might  indeed  become  a  marvellous  agent  of 
transport. 

With  regard  to  the  efficiency  of  a  car  propelled  by  a  liquid  air 
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motor,  Dr.  Carl  Linde,  the  well-known  German  specialist,  has  stated 
that  the  greatest  possible  efficiency  of  a  liquid  air  motor  is  33J  per 
cent. ;  that  is,  a  mechanically  perfect  motor  could  give  as  mechanical 
energy  only  one-third  of  the  power  required  to  produce  the  liquid 
air.  But  crediting  the  motor  with  as  high  a  mechanical  efficiency 
as  50  per  cent,  only  one-sixth  of  the  original  energy  could  be 
recovered.  Then  supposing  the  transmission  to  have  about  the 
same  efficiency  as  the  motor,  the  ultimate  efficiency  of  a  liquid 
air  car  could  not  exceed  8-3  per  cent.,  and  most  probably  it  would 
be  far  below  that. 

It  is  stated  that  George  Claude,  of  Paris,  has  obtained  1  kg. 
(22  lb.)  of  liquid  air  for  the  expenditure  of  1  h.p.,  and  Dr.  Linde 
has  stated  that  this  is  the  utmost  limit  to  be  hoped  for ;  but  it  is 
impossible  to  prophesy  in  this  direction. 

The  modern  method  of  storing  liquid  air  is  in  •  glass,  not  steel, 
vessels,  each  containing  two  bottles,  between  which  is  a  vacuum ; 
the  case  is  quicksilvered  externally  to  reflect  heat.  The  mouth  of 
each  bottle  is  left  open,  because  with  the  best  of  insulations  some 
heat  passes  through,  and  this,  gasifying  the  liquid,  would  create  a 
pressure  that  no  bottle  could  withstand.  Such  a  pressure  would  be 
in  the  neighbourhood  of  800  atmospheres,  nearly  844  kg.  per  cm." 
(12,000  lb.  per  sq.  in.).  Evaporation  is  slow,  and  a  film  forming  on 
the  surface  of  the  liquid  is  a  fair  insulation.  Dr.  Linde  says  that 
a  charge  lasts  for  two  weeks  in  an  open  bottle. 

With  regard  to  hot-water  motors,  water  heated  to  200°,  at  a 
pressure  of  15  atmospheres,  as  in  the  Lam-Francq,  accumulates 
42  calories  per  kg.  of  water  (72*7  British  heat  units  per  lb.),  and 
thus  a  tank  of  water  may  represent  17,850  kgm.  (122-96  ft. -lb.). 
Deprez  states  that  10  per  cent,  of  this  work  can  be  utilised,  that  is, 
1,785  kgm.  per  kg.  (5,854  ft.-lb.  per  lb.)  transported ;  this  is  far  less 
than  the  energy  furnished  by  petroleum.  For  practical  application 
of  the  process  the  car  tanks  are  filled  with  hot  water,  and  placed  in 
communication  with  the  cylinders  by  means  of  a  valve,  and  part 
of  the  water  is  vaporised,  borrowing  the  requisite  heat  from  the 
remainder  of  the  water,  and  the  steam  thus  formed  drives  the 
piston.  However,  when  the  boiler  temperature  has  fallen  to 
150"  C,  and  the  pressure  to  five  atmospheres,  the  energy  must  be 
renewed.  Thus,  in  one  way,  hot  water  is  similar  to  compressed 
air,  being  suitable  for  tramways,  but  inconvenient  for  automobiles. 
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Consequentl}%  although  the  charging  apparatus  is  less  complex 
than  with  air  (a  simple  boiler  being  used  instead  of  a  compressor 
worked  by  an  engine),  and  although  the  specific  power  of  hot  water 
is  greater  than  that  of  compressed  air,  the  employment  of  the 
former  for  automobile  locomotion  seems  to  be  as  futile  as  that 
of  the  latter.  It  is  doubtful,  indeed,  whether  a  hot  water  car 
has  ever  been  constructed.  Recently  Hutin  and  Leblanc  patented 
a  system  in  order  the  better  to  use  steam  in  multiple  expansion 
motors  having  several  cylinders  (the  inventors  speak  of  six), 
a  set  of  rotary  machines,  or  in  turbines.  But  in  the  considerations 
they  advance  in  favour  of  their  idea  there  does  not  appear  to 
be  anything  that  can  influence  the  opinion  above  expressed  that 
hot  water  is  not  a  desirable  motive  agent  for  employment  in 
automobiles. 

Since  the  end  of  1892,  when  Moissan  in  France  and  Wilson 
in  America  invented  a  method  to  manufacture  calcium  carbide 
on  a  large  scale  (by  reducing  calcium  oxide  with  carbon  in  an 
electric  furnace),  commercial  manufacture  of  acetylene  has  become 
easy  by  simply  bringing  the  carbide  into  contact  with  water. 
One  kg.  (2*2  lb.)  of  carbide  gives  theoretically  340  1.  (12  cub.  ft.) 
and  practically  300  1.  (10-6  cub.  ft.)  of  acetylene,  which  is  capable 
of  furnishing  3,500  calories  (6,310  B.H.U.  per  lb),  which  is  about 
one-third  of  that  furnished  by  petroleum.  Since  its  origin  this 
gas  has  been  employed  for  lighting,  and  the  question  arose  early 
whether  the  1,487,500  kgm.  per  kg.  (4,879,000  ft-lb.  per  lb.)  could 
not  be  utilised  for  motive  power.  An  initial  difficulty  was 
immediately  encountered;  acetylene,  an  endothermic  body — that 
is,  formed  with  absorption  of  heat — is  a  powerful  explosive, 
which  is  dangerous  to  handle.  Berthelot  and  Vieille  demonstrated 
that  as  long  as  its  pressure  does  not  much  exceed  that  of  one 
atmosphere,  neither  the  electric  spark  nor  an  ignited  point  causes 
explosion.  With  pressure  greater  than  two  atmospheres,  an  ex- 
plosion (not  combustion,  but  mere  decomposition)  may  occur  in 
the  same  circumstances,  air  not  being  present.  This  liability  to 
explosion  increases  with  pressure. 

There  has  been  talk  of  a  new  carbide  designated  **  carbolite,"  dis- 
covered by  H.  L.  Hartenstein^  a  chemist  of  Chicago,  for  the  manu- 
facture of  which  a  works  was  to  be  built  at  Hammond  (Indiana). 
This  carbide,  obtained  by  suitable  treatment  of  blast  furnace  slags, 
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could  be  made  at  a  cost  of  25  fr.  (£1)  per  ton,  instead  of  500  fr. 
(£20),  which  at  present  is  the  cost  of  calcium  carbide.  Under 
the  action  of  water  1  kg.  of  it  is  said  to  give  300  L  (1  lb.  gives  4*8 
cub.  ft)  of  ethylene,  which  can  be  used  instead  of  acetylene.  But 
some  persons  consider  carbolite  to  be  merely  a  mixture  of  calcium 
carbide  and  aluminium,  which  in  contact  with  water  gives  a  mix- 
ture of  methane  and  acetylene  of  the  same  composition  as  ethylene, 
but  without  containing  any  whatever,  and  they  add  that  ethylene 
contains  65  per  cent  less  carbon  than  acetylene  does,  and  conse- 
quently cannot  be  a  successful  competitor. 

Carburetted  acetylene  may  yet  prove  of  value  in  automobile 
motors.  Dr.  N.  Caro,  in  a  paper  read  a  year  ago  before  the  German 
Acetylene  Verein,  stated  that  acetylene  gas,  when  led  through 
petrol,  becomes  heavily  carburetted,  100 1.  of  the  gas  taking  up 
125  g.  of  petrol  and  yielding  1501.  of  the  carburetted  gas,  of  which 
the  calorific  value  is  50  per  cent  more  than  that  of  the  plain 
acetylene.  In  other  terms,  3*5  cub.  ft.  of  acetylene  takes  up  4  oz.  of 
petrol  and  yields  525 cub.  ft  The  tendency  of  the  petrol  vapour 
to  condense  and  separate  from  the  gas  on  cooling  will  complicate 
the  practical  application  of  this  powerful  motive  agent,  the  diffi- 
culties of  using  plain  acetylene  already  being  great. 

Liquid  acetylene  has  the  maximum  explosiveness,  and  in  this 
respect  is  comparable  to  gun-cotton,  and  its  employment  in  this  form, 
so  convenient  for  automobiles,  must  therefore  be  abandoned.  At  most, 
all  that  can  be  done  is  to  compress  the  gas  in  the  same  way  as  is  done 
in  Paris  by  the  Societ(5  des  Produits  Chemiques,  who  have  sold  it  in 
steel  receptacles  weighing  20  kg.  (44  lb.),  and  holding  250 1.  (8*8  cub.  ft), 
under  a  pressure  of  10  kg,  per  cm.^  (142  lb.  per  sq.  in.).  However,  it 
appears  that  it  is  better  to  dissolve  it  by  the  Claude  and  Hess  process 
in  acetone,  which  absorbs  as  much  as  300  times  its  volume,  under  a 
pressure  of  12  kg.  per  cm.^  (190  lb.  per  sq.  in.),  the  bulk  of  the  liquid 
being  increased  only  by  one-half;  and  it  yields  275  volumes  of  the 
gas  at  atmospheric  pressure.  This  solution  does  not  appear  to  be 
explosive  under  the  influence  of  heat  when  its  pressure  is  not  too 
great  According  to  the  experiments  of  Berthelot  and  Vieille,  7  I. 
(427  cub.  in.)  of  acetone  having  dissolved  1,170  g.  (41  oz.  avoirdupois) 
of  acetylene  at  a  pressure  of  8  kg.  per  cm.^  (11 3*7  lb.  per  sq.  in.),  did  not 
explode  in  contact  with  a  red-hot  platinum  wire.  Similar  contact  in 
a  solution  foraied  at  a  pressure  of  20  kg.  per  cm.*  (2844  lb.  per  sq.  in.) 
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caused  slight  explosions,  so  it  is  prudent  not  to  exceed  greatly  a  pres- 
sure of  10  kg.  per  cm.*  (142  lb.  per  sq.  in.).     Supposing  the  question 
of  storage  without  danger   to  have   been  solved,  another  difficulty 
presenting  itself  is  the  violence  of  the  explosion  of  the  mixture 
of  gaseous  acetylene  and  air  in   the  cylinder  of  the  motor  to   be 
worked.     Cuinet,  with  an  ordinary  four-stroke  cycle  gas  motor,  suc- 
ceeded  in  obtaining  smooth  working,  free   from  jerks,  by  mixing 
one  volume  of  acetylene  with  twenty  volumes  of  air.      His  6-h.p. 
motor  consumed,  at  half  charge,  3021.(11  cub.  ft.)  of  acetylene,  and 
at  full  charge,  1751.  (6  cub.  ft.)  per  effective  horse-power  hour,  this 
being  nearly  three  times  less  than  the  volume  of  illuminating  (coal) 
gas  required  for  the  same  motor.     With  carbide  costing  500  fr.  (£20) 
per   ton,   the  horse-power  hour  would   thus    cost  0*30  fr.   (2*85d.). 
Experiments  made  quite  recently  by  Grover,  of  Leeds,  confirm  this 
cost,  his  estimate  being  028  fr.  (2'66d.).     This  is  expensive,  because 
the  motor  in  question,  consuming  5161.  (18*2  cub.  ft)  of  illuminating 
(coal)  gas  at  030 fr.  per  cubic  metre  (OSd.  per  cubic  foot),  would 
yield  the  horse-power  hour  for  010  fr.  (0'95d.).     Ravel  tested  one  of 
his  2-h.p.  two-stroke-cycle  motors,  and  found  the  power  of  acetylene 
to  be  2^   times  greater  than  that  of  coal  gas.      However,  he  does 
not  think  that  the  great  explosive  power  of  acetylene  can  give  all 
its  useful  effect  on  the  pistons  of  internal  combustion  motors   as 
built   at    present ;    either    the    acetylene   gas    must   form    a  large 
percentage  of  the  explosive  mixture,  and  then  give  but  little  useful 
work,  considering  the  shattering  explosion,  or  the  explosive  mixture 
will  be  weak  in  acetylene,  and  then   not  have   sufficient  calorific 
power  to  raise  the  pressure  of  the  mixed  gas  to  the  point  that  is 
necessary   if  economic   work    is    to    be   produced.     To   avoid    the 
difficulty,  R.  Turr  and  Ch.  Chertemps  endeavoured  to  make  use  of 
the  considerable  increase  in  temperature  due   to    the   very  sudden 
explosion   of  acetylene   to   transform  a  certain   quantity  of  water 
into  steam,  and  then  by  expanding  this  steam   to  gradually  move 
the   piston ;    but    this    complicated    construction    has   never   been 
applied.      The  conclusion,   then,   that   the   above   remarks   lead   to 
is  that  even  if  liquid  acetylene  could   be   used  without  danger,  it 
is  still  doubtful  whether  it   would   answer   as   a   motive   agent   for 
automobiles. 

The   substitution    of   alcohol    for    petrol    spirit   in    automobile 
motors  would    probably   decrease    the    unpleasant  odour;  and,  in 
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the  case  of  France,  an  imported  article  would  bo  replaced  by 
a  home  product,  the  consumption  of  which  would  compensate 
agriculture  for  the  losses  it  is  expected  to  suffer  in  consequence 
of  the  smaller  demand  for  horses  and  fodder — that  is,  supposing 
that  no  method  arises  for  chemically  manufacturing  alcohol 
commercially. 

Fritsch  has  already  proposed  to  extract  alcohol  from  ethylene, 
which  is  a  carburetted  gas  forming  2  per  cent,  in  volume  of  blast 
furnace  gas,  and  which  is  found  also  in  coke  ovens  and  retorts 
where  coal  is  distilled.  The  calorific  power  of  alcohol  is  only  very 
slightly  more  than  half  that  of  petrol ;  thus,  theoretically,  if  the  work 
produced  by  the  combustion  in  the  presence  of  exact  proportions 
of  oxygen  of  1  kg.  (2*2  lb.)  of  petrol  spirit  is  6*75  horse-power 
hours,  and  by  1  kg.  (2*2  lb.)  of  90  per  cent,  alcohol  is  3*285  horse- 
power hours,  it  follows  that  a  franc's  worth  (O^d.)  of  alcohol  at 
30  francs,  per  hi.  (Is.  per  gaL)  (not  including  duty)  will  give  9 
horse-power  hours,  whilst  a  franc's  worth  of  petrol  spirit  or  of 
petroleum  at  0*45  franc  per  kg.  (2d.  per  lb.)  will  give  15  horse- 
power hours.  It  might  be  objected  that  in  practice,  perhaps,  some 
very  different  figures  would  be  obtained,  because  it  is  not  with 
the  strictly  proportional  amount  of  oxygen  that  combustion  is 
produced,  but  with  a  certain  proportion  of  air  which  contains  23 
per  cent,  of  oxygen  and  77  per  cent,  of  nitrogen;  theoretically, 
15*117  kg.  are  needed  per  kg.  (15117  lb.  per  lb.)  of  petroleum, 
and  only  7*567  per  kg.  of  90  per  cent,  alcohol ;  therefore  the 
great  excess  of  nitrogen  absorbs  with  sheer  loss  more  heat  in 
the  combustion  of  petroleum  than  in  Jthat  of  alcohol.  Besides,  it 
might  be  easier  to  obtain  complete  combustion  with  alcohol  than 
with  petroleum.  To  elucidate  this  question.  Max  Ringelmann 
was  commissioned  by  the  Agricultural  Society  of  Meaux  to  make 
experiments,  which  he  made  with  petrol  spirit  and  impure  alcohol 
(methylated  spirit),  which  were  analysed  by  A.  Miintz  with  the 
results  given  in  the  first  table  on  p.  31. 

The  first  experiments  were  made  with  a  Brouhot  four-stroke-cyclo 
horizontal  motor  of  from  2  horse  power  to  3  horse  power,  having 
electrical  ignition,  and  with  a  Benz  four-stroke  cycle  tube  ignition 
vertical  motor  of  from  3  to  4  horse  power.  The  results  of  Ringel- 
mann's  experiments  are  given  in  the  second  of  the  tables  that 
appear  in  the  next  page : — 
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PROPERTIES    OF   PETROL    SPIRIT   AND    METHYLATED    SPIRIT. 


Pbopbrttrr. 

- 

Petrol  Spirit. 

Methylated  Spirit. 

Carbon  ... 

84*3  per  cent. 

41*5  per  cent. 

Hydrogen        

15*7  per  cent. 

130  per  cent. 

Oxygen 

45-5  per  cent. 

Density  at  15°  C 

•708 

•834 

Boiling  point  ...        

88°  C. 

78-5°  C. 

Calories  per  kg 

*  11,359-65 

1 6,521-75 

Weight    evaporated    per   hour 

per 

dm.'  (15-5  sq.  in.)  of  surface 

a 
■ 

1.  In  experiment  room ;  18^  C. 

•  •  • 

9-37  g.  (0-33  oz.) 

3-47  g.  (0-12  oz.) 

2.  Outside  in  the  sun ;  25^  C. 

•  •  • 

47-21  g.  (1-66  oz.) 

27-08  g.  (0-95  oz.) 

*  1,902  British  heat  units  per  lb. 


t  752  British  heat  units  per  lb. 


MOTOR    CONSUMPTION    OF    PETROL    SPIRIT   AND 

METHYLATED    SPIRIT. 


Consumption  pkb  Houb. 

KBLA.TION  OF  Con- 
sumptions. 

Petbol  Spibit. 

Mrthylated  Spirit. 

Petrol 
Spirit. 

1 

1 
1 

1 
1     . 

1 

Methylated 
Spirit. 

Horizontal  Motor — 

Empty  ...         

_     ,         (Half  Charge 
Perh.p.   JF^ii  Charge 

Vertical  Motor — 

Ejnpty  ... 

_     ,         r  Half  Charge 
Perh.p.      Fuiicij^rge 

1-040  kg.  (2-293  lb.) 
•950  kg.  (2-094  lb.) 
-892  kg.  (1-966  lb.) 

-328  kg.  (-723  lb.) 
•619  kg.  (1-365  lb.) 
•407  kg.  (-897  lb.) 

2-267  kg.  (4-998  lb.) 
1-767  kg.  (3-896  lb.) 
1-396  kg.  (3078  lb.) 

•771kg.  (1-700  lb.) 

1097  kg.  (2-418  lb.)  1 

•763  kg.  (1-682  lb) 

2-05 
1-86 
1-56 

2-35 
1-66 
1-87 

Thus  to  obtain  the  same  useful  work,  an  average  of  1*89  times  more 
alcohol  (methylated  spirit)  was  consumed  than  petrol  spirit.  Ringel- 
mann  calculated  the  consumption  and  cost  as  follows : — 

MOTOR   CONSUMPTIONS   (RINGELMANN). 


Pbtbol  Spirit. 


Consnmption  per  )  in  weight 
h.-p.  hoar        /  in  volume 

Relation  of  consnmption  in 
volume 

Cost  of  litre  (outside  Paris) 

Cost  of  horse- power  hour  ... 


0-400  kg.  (0-88  lb.) 
0-565  1.  (0-99  pt.) 

105-28 
0-50  fr.  (4-75d.) 
0-28  fr.  (2-66d.) 


Methylated  Spirit. 


0-756  kg.  (1-66  lb.) 
0-906  1.  (1-6  pt) 

169-2 

1-0  fr.  (9-5d.) 

0-90  fr.  (8-5r)d.) 


Petroleum. 


0-438  kg.  (0-96  lb.) 
0-532  1.  (0-94  pt.) 

100 
0-30  fr.  (2-a5d.) 
0-16  fr.  (r52d.) 
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The  figures  in  the  petroleum  column  are  those  obtamed  at  the 
International  Competition  at  Meaux,  in  1894. 

Thus  the  relation  of  the  prices  of  these  agents  requisite  to  obtain 
the  same  power  is : — 

X^  \?  vK  \JitSUIU  ■••  •••  •••  •••  ••■  ••■  •»•  •••  I. 

X  6brol  opirit..*        ...        •••        •••         •••         •••       *..•        •••     l*iO 

Methylated  Spirit 5*625 

Ringelmann  concludes  that  methylated  spirit  should  be  sold  at 
17*70  fr.  per  hL  (7*65d.  per  gal.)  to  be  equivalent  from  the  economic 
point  of  view  to  petroleum  worth  30  fr.  per  hi.  (13A  per  gaL),  and 
that  consequently  employment  of  alcohol  in  automobile  motors  is 
out  of  the  question.  But  this  is  not  all,  for  owing  to  the  small  amount 
of  vapour  emitted  by  alcohol  at  a  temperature  of  IS*"  to  20°  C,  he 
had  to  have  recourse  to  devices  to  make  the  motor  work.  Ringelmann 
made  the  Brouhot  motor  run  for  about  15  minutes  with  petrol  spirit, 
and  when  the  average  temperature  of  the  discharged  gases  got  as 
high  as  70"  C.  he  began  to  feed  the  motor  with  alcohol,  taking  care, 
however,  to  modify  at  the  same  time  the  composition  (as  regards  the  I 

proportion  of  air)  of  the  explosive  mixture  in  order  to  obtain  com-  ' 

plete  combustion  (because  the  alcohol  in  a  cylinder  charge  is  as 
206  to  1  compared  with  petrol  spirit  in  a  charge).  For  the  Benz 
motor  he  had  a  carburetter  which  by  aid  of  a  gas  stove  was  kept  at  a 
temperature  of  from  42°  to  47"^  C,  found  by  trial  to  be  the  most 
favourable  for  working  the  engine,  and  this  carburetter  was  a  constant 
danger  of  fire.  It  will  be  noticed  that  Ringelmann  compares  alcohol 
(methylated  spirit)  with  petroleum,  which  latter,  however,  is  employed 
only  exceptionally  for  automobiles,  only  a  distillation  of  petroleum,  here 
known  as  petrol  spirit,  being  in  current  use,  and,  as  the  admitted  cost 
of  this  is  40  fr.  per  hi.  (17*3d.  per  gaL)  instead  of  30  fr.  (I3d.  per  gal.), 
it  will  be  found  that  alcohol  at  23*60  fr.  per  hi.  (10*2d.  per  gal.)  in- 
stead of  17*70  fr.  (7*65d.  per  gaL)  can  be  used  as  cheaply  as  the 
petroleum  spirit.  Ringelmann  estimated  alcohol  at  100  fr.  (£4)  per  hi, 
(22  gaL)  at  a  time  when  the  duty  on  the  hectolitre  of  methylated  spirit 
in  France  was  37*50  fr.  (29s.  S^d.),  but  a  recent  law  has  reduced  it  to 
3  fr.  (2s.  4id.),  so  that  the  price  may  be  reckoned  as  67*50  fr.  the  hi. 
(2s.  5d.  per  gaL).  Moreover,  it  is  hoped  that  the  cost  of  denaturing 
alcohol,  now  7  fr.  per  hi.  (3d.  per  gal.),  will  be  decreased ;  in  Germany 
it  is  considerably  less.    Thus  the  cost  of  methylated  spirit  w"Ould 
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hardly  exceed  60  fr.  per  hi.  (2s.  2d.  per  gaL).     The  difference  between 
this  price  and  that  which  would  make  alcohol  an  economical  agent, 
accepting  the   consumptions  as  given  by  Ringelmann,  still  remains 
noticeable,  but  there  is  a  very  considerable  decrease.      Moreover, 
Ringelmann  experimented  with  motors  which  were  not  built  to  use 
alcohol,  and  with  which  it  could  only  be  employed  by  methods  not 
acceptable  in  daily  practice ;  and  it  may  be  suggested  that  adaptation 
of  a  special  carburetter  and  motor  would  be  the  means  of  removing 
danger  and  increasing  efficiency.    The  experiments  of  Petreano  tend 
to  prove  this.     Employing  an  Otto  gas  motor,  1884  type,  giving  5  h.p. 
at   180  revolutions,  but  furnished  with  a  special  carburetter  (see 
p.  112)  he  obtained  one  indicated  horse-power  hour  for  every  0*540  kg. 
(1-19  lb.)  of   alcohol  used.      With    a  density  of  0815   that    gives 
0  822   1.   (155   pt).      The  firm    of  Korting,   Hanover,    appears    to 
have  obtained   even  better  results.      In   March,  1897,  experiments 
were  made  with  a  motor  of  the  benzine  type  specially  constructed 
for  the  purpose,  and  it  gave  one  indicated  horse-power  per  hour, 
with  an  average  consumption  of  049  1.  (0*16  pt.)  of  alcohol  at  93°  C. 
and  0*815  specific  gravity,  this  corresponding  to  0*612  1.  (1  pt.)  of 
alcohol  per  effective  horse-power  hour.    Consumption  would  hardly 
be  greater  than  that  calculated  by  Ringelmann  for  petrol  (0*565  1., 
or    '99    pt).      If    these    figures    are    confirmed,   the    employment 
of  alcohol  for  motive  power  now  is  economical  in  Germany,  where 
alcohol  costs  from  20  fr.  to  30  fr.  per  hL  (from  8-6d.  to  13d.  per 
gal.). 

One  of  the  most  important  series  of  experiments  to  show  the 
comparative  value  of  alcohol  as  a  motive  agent  was  carried  out  in 
the  Technical  High  School  of  Berlin,  and  from  E.  Neuberg's  record 
of  this  .in  the  Autoiiwtor' Journal  the  following  particulars  are 
takea  A  4-h.p.  motor  was  coupled  direct  to  a  d3mamo,  the 
mechanical  energy  generated  being  converted  to  electrical;  the 
dynamo  was  a  convenient  means  of  varying  and  testing  the  horse- 
power of  the  motor,  and  it  was  carefully  tested  so  as  to  make 
certain  of  its  efficiency  at  different  loads,  and  thereby  enable  the 
efficiency  of  the  alcohol  motor  to  be  estimated  under  different 
conditions.  The  results  of  using  alcohol  are  summarised  in  Nos.  1 
to  8  in  the  following  table,  of  varying  the  constitution  of  the  fuel 
by  Nos.  9  to  18,  and  of  manipulating  the  governor,  not  employed 
previously,  in  Nos.  19  and  20: — 
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The  mean  values  for  the  whole  series  of  experiments  can  be  given 
as  functions  of  the  load  as  follows : — Thermal  efficiency,  21-215  per 
cent ;  mechanical  efficiency,  711  per  cent. ;  total  efficiency,  16-325  per 
cent.  ;  costs  of  indicated  horse-power  and  electrical  horse-power, 
l*39d.  and  l-918d.  respectively.  The  exhaust  gases  showed  the 
presence  of  acetylene,  aldehyde,  and  acetic  acid.  On  light  load  there 
was  combustion  within  the  exhaust  pipe.  Rectification  of  alcohol 
for  motive  purposes  is  not  necessary.  The  alcohol  motor  works 
thermodynamically  as  economically  as  any  other  motor,  but  accord- 
ing to  these  experiments  it  is  45  per  cent,  dearer  than  the  gas  engine, 
48  per  cent  dearer  than  the  heavy  oil  motor,  6  per  cent,  dearer  than 
the  benzine  motor,  53*5  per  cent  dearer  than  the  acetylene  motor, 
and  31*5  per  cent,  dearer  than  the  electric  motor.  This  is  not 
very  satisfactory  for  the  stationary  alcohol  motor.  The  cost  per 
horse-power  hour  is  compared  with  other  small  industrial  motors 
as  follows,  the  cost  of  cooling  water  not  being  reckoned: — 


Per  H.P.  Hour 

Kind  of  Engine. 

•  r«         Interest, 
ciation.    ^"^^'^'^ 

Attend- 
ance. 

Oil. 

Fuel. 

Total. 

Gaa  motor 
Pefcroleum  motor 
Alcohol  motor 
Benzine  motor   . . 
Acetylene  motor 
Electric  motor 

3-34 
3-34 
3-34 
3-34 
4-03 
1-39 

1-335 

1-335 

1-335 

1-335 

1-61 

0-656 

1-04 
1-04 
1-04 
104 
4-16 

0-9 
0-9 
0-9 
0-9 
0-9 
0-2 

8-63 
8-25 
15-35 
14-2 
14-2 
14-6 

15145 

14-865 

21-965 

20-815 

33-70 

16-746 

The  attempts  to  use  benzine  as  fuel  were  unsuccessful,  owing 
to  pre-ignitions  giving  such  violent  explosions  as  to  knock  off  the 
indicating  lever  over  the  top  of  the  revolving  cylinder,  the  explosion 
pressure  being  more  than  40  atmospheres.  With  benzine,  com- 
pression cannot  be  carried  above  5  atmospheres  without  the  danger 
of  pre-ignition. 

The  comparative  consumption  of  petrol  and  alcohol  is  of  some 
moment  in  France,  if  not  in  Great  Britain.  The  average  results  of 
the  French  Circuit  du  Nord,  held  in  May,  1902  (recorded  on  p.  787), 
go  to  prove  that  the  consumption  of  alcohol  is  50  per  cent  more 
than  that  of  petrol  spirit  under  equal  conditions.  This  is  20  per 
D  2 
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cent,  higher  than  it  should  be  if  alcohol  is  to  hold  its  own  against 
petrol  in  France.  Data  on  alcohol  consumption  are  given  in 
Chapter  XXII. 

The  French  alcohol  experiments  carried  out  in  such  a  thorough 
and  exhaustive  manner  were  designed  to  have  the  effect  of 
encouraging  a  native  agricultural  industry,  and  that  may  have 
been  the  only  cause.  But  with  the  progress  of  the  alcohol  motor 
has  come  a  revival  of  the  attempts  to  produce  alcohol  synthetically, 
and  already  the  alcohol  produced  chemically  from  calcium  carbide 
is  a  rival  of  the  agricultural  product.  If  the  rival  becomes  fonnidable, 
it  is  thought  that  much  of  France's  interest  in  promoting  the  use 
of  alcohol  will  disappear. 

Admitting  the  possibility  of  methylated  spirit  cheapening ; 
that  carburetting  may  be  free  from  danger;  that  the  methylated 
spirit,  in  spite  of  the  foreign  substances  mixed  with  it,  may  act 
well  in  the  cylinder;  that  it  may  not  foul  the  valves;  and  that  it 
may  give  odourless  combustion,  as  is  hoped,  even  then  its  specific 
power  will  always  be  less  than  that  of  petrol  spirit,  whose  only  in- 
feriority is  the  bad  odour  of  the  burnt  gases,  and  this  in  the  future, 
perhaps,  may  be  prevented  by  a  better  system  of  combustion. 
There  would  be  no  question  of  alcohol  as  a  substitute  for  petrol 
spirit  did  it  not  involve  in  France  an  economical  point — namely, 
a  market  for  a  product  of  home  manufacture.  Nevertheless, 
alcohol  (methylated  spirit)  has  resolute  advocates,  and  at  their 
head  is  Petreano,  who  believes  in  the  future  of  this  fuel  for  auto- 
mobiles, on  account  of  its  almost  complete  absence  of  odour  in 
use,  and  because  in  the  diffuser  (p.  112)  he  employs  to  prepare  the 
carburetted  mixture  the  denaturing  substances  are  separated  and 
made  to  rest  on  the  bottom  like  a  kind  of  pitch,  which  needs 
removing  only  every  twenty-four  hours.  The  denaturing  substances 
are  heavy  benzine  and  malachite  green,  and  if  these  were  vaporised 
they  would  interfere  with  the  satisfactory  employment  of  the 
alcohol,  and  would  give  malodorous  residues.  This  diflFuser  also 
has  the  advantage  of  heating  the  carburetted  mixture,  and  thus 
preventing  separation  of  the  cold  alcohol  when  in  contact  with  the 
hot  cylinder.  If  this  separation  is  not  avoided,  the  cylinder  wall 
must  inevitably  deteriorate  by  the  formation  of  oxides ;  the 
presence  in  the  exhaust  box  of  scales  of  pulverulent  substance 
when  cold  alcohol  is  employed  leaves  no  doubt  upon  this  point. 
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Many  experiments  have  already  been  made  with  alcohol  In 
December,  1898,  Commandant  Kjrebs  made  brake  tests  with  a 
Phcenix  motor,  altered  by  merely  enlarging  the  ordinary  inlet 
orifice ;  he  obtained  3*6  h.p.  with  ordinary  95  per  cent,  alcohol, 
4*2  h.p.  with  Dusart  carburetted  alcohol,  and  4*4  h.p.  with 
petrol  spirit.  The  journal  Le  Velo  organised,.  April  11th,  1899, 
a  trial  race  for  alcohol  motors  from  Paris  to  Chantilly  and  back. 
Of  the  eight  motor-cycles  or  cars  on  the  list  only  one,  Guttin 
and  Co.'s,  ran;  it  travelled  the  distance  of  136  km.  (845  miles) 
in  eight  hours  eight  minutes,  the  4  h.p.  motor  consuming  38  1. 
(8*36  galls.)  of  alcohol,  that  is  nearly  03  1.  per  km.  (-85  pt.  per 
mile).  By  way  of  comparison,  it  may  be  remarked  that,  accord- 
ing to  experiments  made  by  Brilli^  with  a  Gobron  and  Brilli^  car 
having  a  6  h.p.  motor  weighing  850  kg.  (1,874  lb.)  in  running 
order  and  carrying  j&ve  persons  (a  very  much  heavier  car  than 
Guttin  and  Co.'s),  the  consumption  under  various  road  conditions 
was  014  1.  (025  pt.)  of  petrol  spirit  per  km.  (0*62  miles),  but  this 
is  thought  to  be  below  the  average.  These  few  experiments  do  not 
give  anything  conclusive,  however.  Periss6,  in  a  communication 
to  the  French  Society  of  Civil  Engineers,  has  remarked  upon  the 
advantage  of  employing,  instead  of  ordinary  90  per  cent,  alcohol 
containing  10  per  cent,  of  common  denaturing  substances,  the 
95  per  cent,  alcohol  made  in  all  agricultural  distilleries,  or,  better 
still,  the  98  per  cent,  alcohol  denatured  with  cheap  hydro-carbons, 
which  would  enrich  the  explosive  mixture.  The  motor  should 
also  be  adapted  to  the  new  fuel,  instead  of  employing  an  ordinary 
petrol  motor. 

Recent  experiments  have  confirmed  the  statement  that  to  get 
the  best  results  alcohol  motors  should  give  a  higher  compression 
than  petrol  motors.  Still,  in  practice  it  is  desirable  to  have  a  motor 
that  can  work  with  either  fuel,  and  this  is  generally  possible  by 
starting  with  petrol,  and  then  when  the  motor  is  hot  to  turn  off 
the  petrol  and  supply  alcohol  only ;  for  this  purpose,  of  course,  two 
distinct  reservoirs  and  carburetters  are  necessary.  The  Wartburg 
(German)  lurries  work  on  this  principle,  as  did  also  some  of  the 
cars  taking  part  in  the  Circuit  du  Nord  (p.  787)  and  the  Paris- 
Vienna,  1902  (p.  788).  On  one  German  vehicle,  at  least,  the 
conversion  from  one  to  the  other'  is  done  automatically  by  a 
governor,  which  comes  into  play  soon  after  starting   and  when  a 
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certain  speed  has  been  reached,  and  cuts  off  the  petrol  and  turns  on 
the  alcohol ;  when  bringing  the  motor  to  rest,  the  governor  acts  in 
the  reverse  manner,  and  the  motor  finishes  as  it  began,  on  petrol. 
These  last  few  strokes  clear  out  the  evil  products  of  the  combustion 
of  the  denatured  alcohol,  and  so  prevent  injury  to  cylinder  and  piston 
head.  The  acetic  acid  and  aldehyde  resulting  from  burning  alcohol 
imperfectly  have  been  stated  to  quickly  rust  or  corrode  steel,  but 
in  the  Paris  1902  alcohol  trials,  Sovel  found  only  one  clear 
indication  of  any  such  attack. 

Perhaps,  instead  of  alcohol,  there  will  be  a  better  chance  of 
succeeding  with  the  heavy  distillery  oils  (0*75  amyl  alcohol  and 
0*25  butyl  alcohol),  which,  according  to  L.  Jjexy,  always  give,  when 
mixed  with  the  volume  of  oxygen,  strictly  necessary  for  their  com- 
bustion, 4  horse-power  hours  per  kg.  (instead  of  3235  horse-power 
hours  with  alcohol  and  6*75  horse- power  hours  with  petrol  spirit). 
As  the  oils  cost  only  about  13*30  fr.  per  100  kg.  (0'57d.  per  lb.), 
the  combustion  of  one  franc's  worth  theoretically  gives  30  horse- 
power hours  (instead  of  9  with  alcohol  and  15  with  petrol  spirit). 
The  question  as  to  whether  their  employment  is  practicable  has  not 
been  answered  yet,  as  not  the  slightest  trial  has  been  made. 

There  are  some  Deutz  benzine  locomotives  in  Germany,  and 
the  tramcars  of  the  Saulgau-Herbertingen-Riedlingen  line  employ  a 
14  h.p.  Daimler  benzine  motor.  In  that  country,  as  far  as  can  be 
judged  from  a  yet  insufficient  practice,  the  benzine  motor  is  about 
10  per  cent  cheaper  than  alcohol.  Benzine  is  a  bicarbide  of 
hydrogen  chiefly  extracted  from  coal  tars  in  gas  works,  and  used 
almost  entirely  for  the  manufacture  of  aniline  dyes ;  also,  it  is 
obtained  from  residual  tar  in  coke-making  by  calcination  and  dis- 
tillation of  lignite,  peat,  wood,  etc.  Thus,  it  is  much  in  demand, 
and  a  new  application  might  possibly  cause  prices  to  increase  and 
make  it  too  dear  for  traction. 

The  employment  of  gas  power  may  be  mentioned  very  briefly. 
An  American  invented  a  motor,  employing  this  material  for  the 
])ropulsion  of  bicycles.  A  receptacle  filled  with  gas  power  and  in 
immediate  and  intermittent  commmiication  with  a  cylinder  where 
the  material  explodes,  seems  to  be  a  permanent  source  of  danger 
to  the  car,  and  this  reason  will  sufiice  without  giving  any  others 
for  concluding  that  this  motive  agent  can  have  but  little  future 
application  for  automobiles. 
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CHAPTER    III. 

STEAM  BOILERS  FOR  AUTOMOBILES. 

Automobile  boilers  being  intended  (a)  to  be  carried  by  the  car, 
(6)  to  meet  the  variable  exigencies  depending  upon  the  road  and 
speed  of  the  vehicle,  and  (c)  to  be  entrusted  to  drivers  only 
partly  experienced,  must  fulfil  the  imperative  needs  of  lightness, 
elasticity,  and  perfect  safety  by  being  (1)  of  small  volume  and  weight 
though  very  durable,  (2)  easy  to  get  rapidly  under  steam  and  of 
considerable  power,  this  power  being  capable  of  easy  regulation,  and 
(3)  easy  to  manage  without  risk  of  explosion.  These  qualities  can 
be  united  only  in  boilers  that  are  tubular,  or  that  vaporise  instan- 
taneously. Some  already  existing  boilers  have  been  adapted  to 
automobiles,  and  well-arranged  new  types  have  also  been  constructed. 
Both  tubtdar  and  instantaneous  vaporisation  boilers  have  some 
features  in  common ;  these  are :  (1)  To  prevent  smoke  as  much  as 
possible  they  are  fired  with  coke  when  petroleum  or  other  heavy 
oil  is  not  used ;  oil  fuel,  however,  is  now  in  common  employment. 
(2)  Like  locomotives,  nearly  all  have  an  artificial  draught,  produced 
by  injecting  exhaust  steam  into  the  funnel.  Some  of  them  have  a 
blower,  which  is  set  to  work  when  extra  power  is  needed. 

Tubular  boilers  are  divided  into  two  classes  according  as  the 
tubes  are  to  contain  (a)  fire,  or  (b)  water  and  steam,  and  are  called 
fire-tube  boilers  and  water-tube  boilers.  Until  recently  fire-tube 
boilers  were  little  used  on  automobiles,  because  whilst  their  very 
long  horizontal  tubes  were  no  inconvenience  with  locomotives,  they 
were  a  very  great  one  with  an  ordinary  vehicle ;  and  vertical  fire- 
tubes,  now  coming  into  extensive  use,  do  not  utilise  the  heat  so 
well  as  horizontal  tubes. 

As  regards  fire-tube  boilers,  that  of  Leyland,  employed  by  the 
Lancashire  Steam  Motor  Company,  is  of  this  type.  The  tubes  are 
vertical,  and  can  be  removed  with  the  lid,  so  as  to  be  conveniently 
cleaned.  It  is  heated  by  a  burner  fed  by  crude  petroleum  under 
pressure  of  boiler  steam,  which,  when  the  normal  pressure  is 
attained,  partially  closes  the  oil   throttle  valve,  or  air  compressed 
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overhead,  as  in  the  Leyland  brake,  which  took  part  in  the 
Versailles  trials  of  1898,  whose  results  are  tabulated  on  p.  367.  The 
steam  lurry  (p.  522)  sent  by  Leyland  to  the  Liverpool  trials  of 
May,  1898,  weighed,  empty,  2,910  kg.'  (6,400  lb.),  could  carry 
a  useful  load  of  4  tons,  had  a  boiler  which  had  a  heating 
surface  of  10*2  m.^  metres  (110  sq.  ft),  and  weighed  less  than 
30  kg.  per  m.^  (6  lb.  per  sq.  ft.)  of  this  surface.  This  boiler,  tested 
at  a  pressure  of  35  kg.  per  cm.-  (500  lb.  per  sq.  in.),  was  constructed 
to  give  steam  at  14  kg.  per  cm.- (200  lb.  per  sq.  in.),  and  it  required 
18  minutes  to  get  up  steam.  It  was  fed  by  a  brass  hand  pump, 
and  on  the  roof  Avas  carried  an  air-condenser  weighing  only  43  kg. 
(95  lb.).  At  full  charge  the  petroleum  burnt  per  hour  did  not 
exceed  81.  (14  pt.). 

The  old  Coulthard  boiler,  as  employed  on  the  Coulthard  lurry,  is 
an  example  of  the  vertical  fire-tube  type.  It  is  shown  in  section  by 
Fig.  7.  Its  straight  solid-drawn  steel  tubes  are  suitable  for  firing 
with  either  coke  or  coal,  and  the  working  pressure  is  158  kg.  per  cm.^ 
(225  lb.  per  sq.  in.);  it  is  stated  to  be  tested  to  a  pressure  of 
31*6  kg.  per  cm.^  (450  lb.  per  sq.  in.).  The  heating  surface  is  7*15  m.^ 
(77  sq.  ft.),  and  the  grate  area  -25  cm.^  (2*75  sq.  ft.).  In  the  lurry  the 
boiler  is  placed  behind  the  front  axle,  so  as  to  have  more  weight  upon 
the  rear  wheels  when  running  light,  for  increased  tractive  force,  and  to 
relieve  the  front  wheels,  and  a  further  advantage  is  that  the  driver 
can  see  the  ground  immediately  in  front  of  the  vehicle.  The  two 
safety  check  valves  fitted  to  the  boiler  can  be  examined  whilst  the 
boiler  is  under  steam. 

The  new  Coulthard  vertical  fire-tube  boiler,  shown  in  vertical 
section  and  plan  by  Figs.  8  and  9,  dispenses  with  the  fire  door 
beneath,  though  this  is  retained  in  the  Brightmore  boiler  described 
next.  This  makes  the  Coulthard  boiler  more  uniform,  and  the 
equal  distribution  of  the  metal  in  the  shell  ensures  equal  expansion 
and  contraction,  and  minimises  the  risk  of  tubes  leaking.  The 
tubes  are  of  solid  drawn  steel.  The  coal  or  coke  is  fed  into  the  tire- 
grate  through  a  central  tube  passing  down  through  the  water  space. 
The  smoke  box  has  a  conical  top  acting  as  a  fuel  receptacle,  the 
fuel  falling  of  itself  into  the  furnace  when  the  driver  lifts  the  lid 
covering  the  central  tube.  The  divided  fire  bars  forming  semi- 
circular halves  are  mounted  upon  trunnions,  about  which  they  can 
be  swung  by  hand.    The  ash-pan,  divided  similarly,  is  operated  by 
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a  movement  of  the  handle  which  releases  the  a^h-pan,  and  if 
moved  further  drops  the  fire-bars.  A  damper  frame  is  attached 
by  the  driver  to  suit  the  steam-raising  requirements. 

The  Brightmore  lurry,  built  by   Messrs.  Coulthard,  has  but  a 


I 


Fig.  T. — CorLiHABD  BocLBK  (Old  Type). 


limited  apace  available  for  the  boiler,  which  is  of  the  special 
construction  shown  in  Figs.  10  and  11.  It  is  of  the  vertical  fire- 
tube  type,  containing  342  solid  drawn  copper  Uibes  of  19mm. 
(0'75  in.)  external  diameter,  this  being  smaller  than  usual.  There 
arc  nine  tubular  stays  A.     The  grade  area  is  348  cm.- (375  sq,  ft.) 
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and    the    total    heating    surface    is    10  m.-    (108  sq.  ft).      B    is    a 

wash-out  attacbmeot  at   the  top,  C  three  wash-out  plugs  at  the 

bottom,  and  there  is  a  blow-off  cock.     Between  the  dry  plate  D  and 

the  top  of  the  boiler  shell,  the  steam  passes  on  its  way  from   the 

lower  part  of  the  boiler  to  the  throttle  valve.     To  avoid  risk  of 

burning    out    in    case    of   low 

water,  there    is  a  fusible  plug 

E.      The  shallow  fire-box  is  to 

be  made  deeper.      The  fire  is 

controlled  by  a  steam  blast,  and 

there  are    the   usual    dampers. 

Xormat  working  pressure  is  14 

kg.  per  cm.-  (200  lb.  per  sq.  in.). 

The  fuel  is  coke,  of  which  about 

200  kg.  (4  cwt.)  can  be  carried. 

The  boiler  fittings,  etc.,  are  of 

(  the  Coulthard  type. 

The    House  fire-tube  boiler 
is  of  10  h.p„  and  works  at  a 
pressure  of   175  kg.   per  cm.- 
(2.50  lb.  per  sq.  in.),  and  it  has 
been  tested  to  twice  that  pres- 
sure.    Its  chief  novel  feature  is 
a  mud-trap,  so  termed  by  its 
inventor.     A  hand-hole   in   the 
top  plate  is  covered  by  a  de- 
tachable   circular   plate   of 
152 cm.  (G in.) diameter,  through 
the  centre  of  which  the  heated 
feed  water  is  introduced.    Two 
concentric  tubes  or  cylinders  are 
bolted  to  the  underside  of  thi.s 
plate,  and  extend  to  the  bottom 
of  the  boiler,  the  outer  one   being  closed   at  the   bottom  and   per- 
forated laterally  near  the  top.     The  centre  tube  forms  an  extension 
of  the   water-feed   tube,  and  is  perforated  by   numerous   holes   all 
over,  and  it  extends  to  near   the  bottom   of   the  outer  one.      The 
feed  water  enters  through  the  central  tube,  flows  up  between    it 
and  the  outer  one,  and  only  when  leaviuE;  the  top  of  the  latter 
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does  it  enter  the  boiler  proper.  Any  sediment  is  deposited  between 
the  two  tubes,  and  when  they  are  hfted  out  by  means  of  the 
circular  plate  to  which  they  are  bolted  it  may  be  removed  easily; 
and  through  the  hand-holes  then  exposed  the  boiler  tubes,  arranged 
in  radial  lines  round  the  boiler  axis,  can  be  cleaned. 

The  Chelmsford  boiler  (Clarkson  and  Oapel)  is  of  the  vertical 
fire-tube  type.  Its  shell  is  of  steel,  and  in  one  piece  with  the  top 
plate,  whilst  the  bottom  plate  is  flanged  around  its  edge  and  riveted 
in  place.  It  contains  about  512  solid  drawn  steel  tubes,  of  about 
22  gauge  and  142  mm.  (056  in.)  external  diameter,  and  all  these  are 


Fig-,  12,— Clahkwn  asd  Capel  Bubkbr  (Oli>  Type). 

expanded  into  the  top  and  bottom  plate.  The  normal  working 
pressure  is  iTS  kg.  per  cra.^  (250  lb.  per  sq.  in.),  and  the  boiler 
has  been  tested  to  three  times  that  pressure.  It  is  heated  by  an 
improved  Clarkson  burner,  to  which  the  fuel  feed  is  regulated 
automatically  by  the  boiler  pressure.  It  takes  12  minutes  to  get 
up  steam. 

The  Clarkson  and  Capel  liquid  fuel  burner  (Fig.  12),  employed 
on  the  early  heavy  vehicles  made  by  that  firm,  is  of  the  tnie 
Bunsen  type,  and  consists  essentially  of  a  vaporiser,  a  r^ilated 
jet,  an  inducing  tube,  a  mixing  chamber,  and  a  regidated  orifice  at 
which  the  vapour  issues  and  is  burnt.  The  vaporiser  is  a  spirally 
coiled  steel  tube  through  which  oil  passes  on  its  way  to  the  jet ; 
to  prevent  overheating,  the  coil  is  not  in  contact  with  the  flame. 
The  force  of  the  vapour  issuing  from  the  jet  induces  with  it  a 
supply  of  air,  the  two  becoming  thoroughly  mixed  in  the  mixing 
chamber   B  6.      A  special   regulating  device   for    the  air  is  not 
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required,  but  the  damper  A  is  provided  at  the  end  of  the  inducing 
tube  for  use  with  forced  draught  and  in  starting  the  burner  A 
perforated  nickel  cone,  shown,  surrounds  the  orifice  at  which  the 
flame  issues,  its  object  being  to  improve  combustion  and  act 
as  a  radiator  and  igniter  in  case  of  the  burner  being  blown  out. 

The  Clarkson  burner  used  on  the  Chelmsford  steam  car  does 
not  differ  materially  from  the  above,  but  it  contains  a  few  improve- 
ments. For  instance,  the  vaporising  coil  is  a  steel  tube  woimd 
round  with  nickel  wire  to  prevent  oxidation  of  the  steel ;  the  flame 
of  the  starting  lamp  plays  upon  one  end  of  this  coil;  the  burner 


Fig.  13. — Cla&kson  axd  Capel  Burner  (New  Type). 

is  a  casting  containing  an  asbestos  wick ;  a  measured  quantity  of 
oil  is  taken  up  by  an  asbestos  wick,  and  then  is  ignited  by  dropping 
in  a  match  through  a  small  door  at  the  top,  and  a  clockwork  fan 
then  causes  the  lamp  to  burn  and  the  flame  to  be  concentrated 
upon  the  vaporising  coal.  The  fuel  feed  pressure  usually  is  main- 
tained at  2  8  kg.  per  cm.^  (40  lb.  per  sq.  in.),  and  this  high  pressure, 
together  with  a  special  throttle,  prevents  the  burner  "surging." 
Reference  to  Fig.  13  will  make  clear  the  construction  of  the  new 
Clarkson  burner.  In  that  figure,  A  is  the  vaporiser,  B  the  main 
burner,  C  a  subsidiary  burner,  D  the  asbestos-lined  casing  or  envelope 
of  the  vaporising  tube,  and  E  the  door  through  which  the  light  is 
inserted  for  igniting  the  burner.  Oil  is  supplied  to  the  subsidiary 
burner  through  pipe  F,  having  a  valve  or  cock  G  controlling  the 
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delivery  of  the  fuel  to  a  cup,  H ;  tube  J  delivers  oil  from  the  cup 
to  the  wick  of  burner  C.  K  is  the  fan  or  blower,  on  whose  shaft 
is  mounted  a  toothed  pinion,  L,  gearing  with  the  hand-oiierated 
wheel  M. 

The  Chelmsford  automatic  fuel  regulator  employed  in  connection 
with  the  improved  Clarkson  burner  is  shown  in  elevation  by  Fig.  14, 
and  in  vertical  section  by  Fig,  16.  Its  lower  portion  forms  a  cylinder 
for  the  plunger  or  piston  A,  a  steam  pipe  for  the  boiler  being  led 
to  the  bottom  of  it.    The  piston  A  with  rod  B  is  kept  down  by  the 
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spring  C.  Steel  rods  join  the  top  to  the  bottom,  and  the  piston 
rod  B  is  connected  by  adjustable  nuts  with  a  cross  piece  engaging 
with  the  short  arms  of  a  pair  of  bell-crank  levers  D,  The  levers 
are  fulcrumed  at  the  ends  of  the  piece  E,  and  the  longer  ends  are 
connected  with  the  device  which  regulates  the  fuel  and  air  supply 
to  the  burner.  As  the  steam  pressure  rises,  it  lifts  piston  A,  com- 
pressing spring  C,  and  causes  the  levers  D  to  move  about  the 
fulcruTn  E,  and  so  reduce  the  size  of  the  flame. 

Water-tube  boilers  will  now  be  considered.    The  patent  for  the 
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Ravel  boiler  and  the  tricycle  it  worked  dates  back  to  1868,  and 
is  mentioned  as  a  matter  of  history  only.  This  boiler  was  heated 
with  petroleum,  which  now  is  adopted  in  most  of  the  modem  types. 
A  worm  pipe,  with  its  coils  joined,  was  placed  inside  a  cylindrical 
jacket,  terminated  on  top  by  a  hemisphere.  The  burnt  gases 
ascended  in  the  centre  of  the  worm,  and  descended  between  it 
and  the  jacket,  passing  thence  to  the  funnel.  The  water  fed  into 
the  lower  part  of  the  jacket  ascended  to  the  top,  and  then  descended 
to  enter  the  lower  part  of  the  worm,  flow  through,  and  pass  out 
at  the  top.  The  steam  collected  in  a  large  compartment  formed 
by  an  annular  cylindrical  jacket  filled  with  hot  gases,  where  it 
was  slightly  superheated,  though  remaining  at  a  low  pressure.  In 
short,  it  was  a  rapid  vaporisation  boiler,  with  a  sufficient  amount 
of  water  and  a  large  reserve  of  steam  ;  it  had  to  have  a  water  gauge 
and  other  apparatus. 

The  Amedee  BoUee  boiler  is  merely  the  Field  boiler  of  the 
fire-engine  type.  As  this  type  is  well  known,  it  will  suffice  to  recall 
that  the  body  is  formed  of  an  annular  cylinder  surrounding  the 
fire-box  and  funnel,  the  inner  diameter  of  the  top  part  around 
the  funnel  being  smaller  than  the  lower  part,  which  corresponds 
with  the  fire-box,  so  that  there  is  an  annular  crown  over  the  latter. 
This  crown  acts  as  a  support  for  the  tubes,  which  dip  horizontally 
into  the  tire-box,  so  as  to  impede  the  passage  of  the  gases  to  the 
funnel  and  thus  increase  the  surface  in  contact  with  these  gases. 
Inside  these  tubes  there  are  other  concentric  tubes;  the  water 
descends  through  the  inner  tubes  and  ascends  through  the  spaces 
left  between  the  two  sets  of  tubes  as  shown  in  Fig.  16  by  the 
arrows — the  result  being  that  vaporisation  is  very  rapid.  Unfor- 
tunately the  tubes  are  liable  to  become  burnt  and  also  to  scale. 
To  avoid  scaling,  only  the  purest  of  water  should  be  used.  The 
boiler  of  La  Nouvelle,  the  omnibus  which  ran  in  1895  from 
Paris  to  Bordeaux  and  back  {see  p.  765),  had  an  outer  diameter  of 
70  cm.  (27 i  in.),  and  contained  118  tubes.  About  30  minutes  was 
needed  to  get  up  steam. 

The  Scotte  boiler.  Fig.  17,  also  belongs  to  the  Field  type,  but 
it  has  been  much  improved,  especially  by  the  additions  of  a 
water-stirring  tube,  a  detartarising  heater,  a  super-heating  dryer, 
a  blower,  a  movable  grate,  and  a  flue  orifice,  the  advantages  of 
which   are    explained    later    in    connection    with    the    illustration. 
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The  boiler  of  the  Scotte  omnibus  and  traction  engine  weighs  from 
400  kg.  to  500  kg.  (from  880  to  1,100  lb.)  empty,  and  carries 
from  50  L  to  60  1.  (11  gal.  to  13  gal.)  of  water^  the  hourly 
consumption,  with  a  grate — which  has  a  heating  surface  of  0*13 
m.-  (1*4  sq.  ft.)  in   the  small  model,  and  015  m.^  (1*6  sq.  ft)   in 
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the  large  model— is  40  kg.  to  45  kg.  (88  lb.  to  99  lb.)  of  coke, 
with  a  production  of  about  220  kg.  (485  lb.)  of  steam,  at  a 
pressure  of  12  kg.  per  cm.^  (200  lb.  per  sq.  in.).  It  can  feed  a 
motor  from  12  to  16  h.p.,  and  getting  up  steam  takes  from  35 
to  40  minutes,  but  this  can  be  accelerated  by  employing  the 
blower. 
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In  Fig.  17,  the  illustration  of  the  Scotte  improved  Field  boiler, 
A   is    the  water-stirring   tube    connecting  the    lower  part  of  the 
annular   space   formed   by   the  two    sides  of  the  boiler  near  the 
feed  hole   with    the    steam   dome;    it  provides  a  direct  path  by 
which  the  relatively  cold  water  flowing  into  the  boiler  can  reach 
the  highest  part,  thus  keeping  the  temperature  of  the  boiler  more 
uniform,  and  decreasing   the   inequalities   of   contraction   and   con- 
sequently the  strain  on   the  metal,  whilst  the  flow  of  water  being 
accelerated    the    heat   is    better    utilised.      B  is   a  fire-clay  guard 
which   protects    the  joint    of   tube  A   from  the  heat  of  the  fire- 
box, and  which   makes   the   smoke  lick   the  hanging   tubes  more 
thoroughly  before  reaching  the  funnel.     C  is   the  feed-water  inlet 
to    the   detartarising   heater   D,   which  is    formed   of  brass   tubes 
united  by   the  head  plates  E  and  F.    G  is  the  admission  for  the 
motor  exhaust    steam  aroungl  the  tubes,   this   steam  heating  the 
feed  water  and  passing  to   the  funnel  through  pipe  H.    On  this 
the  tube   J    is  branched,  and  when  a  cock  is  opened  it  conveys 
part    of    the    steam  under  the    grate   to    accelerate  the  draught. 
The  water,  which  should  be  purified   if  it  shows  more   than  20' 
by  the  hydrometer,  loses  some  of  its  earthy  contents  in  the  de- 
tartarising heater    and    there  acquires   a  temperature  which   may 
be  as  high  as  boiling  point,  100"  C. ;    thence  it  enters  the  boiler 
through  pipe  K.    The  steam  thus  produced,  already  heated  by  tube 
L,  runs  through  tube  M  into    box  N,  which  the  regulator  worked 
by  lever  P   can  place  in   communication  with  the   coil  O,  heated 
by  the  gases  from  the  fire-box ;  there  the  steam  dries,  and  is  super- 
heated before  passing  to  the  motor.     Part  of  it  can   be  drawn  off 
by   the   blast  cock    Q  and   conveyed    into    the  funnel  to  further 
increase  the  draught     The  grate,  which  is  circular,  can  by  aid  of 
the  lever  T   be   made  to  move  with   an  alternating  rotary  motion 
around  its  vertical  axis.     It  is  lower  down  than  represented  at  the 
top  part  of  the  ash-box  iji  Fig.  17,  and  for  firing  can  be  brought 
near   the  ash-box  bottom,  which   is   occupied  by  water  condensed 
from  part  of  the  exhaust  steam  in  the  heater  D,  and  brought  by 
the  pipe  L.      This  liquid  cools  the  bars  of  the  grate  by  vaporising 
under  the  influence   of  the    hot  cinders    which   drop   out.      The 
sparks  rising  in   the   funnel   are   stopped  by  the  guard  X,  which 
prevents  them  from   getting   outside,  and  they  then  fall  back  on 
to  the  inclined  plane  U,  and  reach  the  ash-box  through  pipe  Y. 
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The  Thirion  and  Durenne  boilers,  especially  the  former,"  are 
very  similar  to  the  Field  boiler  adapted  to  fire-engines,  to  the 
Westinghouse  horizontal  tube  boilers,  and  to  the  Kowan,  with  tubes 
slightly  inclined  for  the  traction  of  locomotives  and  tramcars. 
Thus  it  appears  they  might  be  adapted  easily  to  cars. 

The  de  Dion-Bouton  boiler  is  an  ingenious  type,  nearly  twenty  years 
old,  specially  invented  for  automobiles.  The  1897  type  has  two  con- 
centric shells  of  annular  section,  connected  by  small  diameter  steel 
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Fig.  18. — Db  Dion-Boutox  Boilbk. 

tubes,  a,  Fig.  18,  inclined  upwards  from  the  outside  shell  The  length 
of  these  tubes  does  not  exceed  twenty  times  their  diameter,  so  as 
to  avoid  the  formation  of  pockets  of  steam,  which  are  dreaded  in 
many  multitubular  boilers.  The  two  shells  are  about  the  same 
length,  though  their  bases  arc  not  at  the  same  level.  The  larger 
forms  the  outer  jacket  of  the  fire-box,  the  central  tube  6  is  a 
fijel  box,  filled  with  coke  through  the  top  c,  opening  with  a  lid. 
This  method  of  charging  with  relatively  large  quantities  makes  it 
possible  to  leave  the  fire-box  for  a  very  long  time  without  new 
supplies.  The  gases  of  combustion  rise  through  the  spaces  between 
the  small  tubes  a,  and  as  these  spaces  are  small  and  tortuous,  owing 
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to  the  baffle  arrangement  of  the  tubes,  the  gases  are  so  deprived 
of  their  heat  that  when  they  reach  the  smoke-box  at  the  top  of 
the  boiler  their  temperature  is  not  more  than  250'  to  300°  C.  From 
the  smoke-box  they  escape  by  the  funnel  d,  generally  bent  so  as 
to  discharge  at  the  back  of  the  car.  As  the  gas  emitted  may  make 
it  difficult  to  inspect  the  car,  and,  in  particular,  to  repair  the  motor 
during  stoppages,  the  funnel  has  its  outlet  on  the  roof,  when  the 
car  has  such  an  addition,  as  in  the  case  of  an  omnibus.  The 
water  •  is  conveyed  to  the  boiler  by  means  of  a  pump  or  GifFard 
injector,  and  is  maintained  at  a  level  situated  below  the  diaphragm 
/,  which  is  itself  below  the  two  top  rows  of  tubes,  so  as  to  cut 
off  communication  between  the  higher  and  lower  parts  of  the  inner 
cylindrical  body.  The  water  fills  the  tubes,  and  consequently  is 
divided  into  small  volumes  licked  all  over  by  the  flame  and  gases 
of  combustion,  the  water  being  heated  rapidly.  This  has  a  double 
advantage  : — (1)  Each  tube  is  thus  traversed  from  the  outer  to 
the  inner  cylinder  by  an  intense  current,  Avhose  force  is  an  obstacle 
to  the  formation  of  boiler-scale.  (2)  The  vaporising  power  of  the  boiler 
is  very  great.  The  rapidly  formed  steam  contains  a  certain  amount 
of  water  which  can  be  got  rid  of  with  advantage.  The  steam  dries 
in  passing  through  the  two  higher  rows  of  tubes,  which,  as  stated 
above,  terminate  above  the  diaphragm  and  the  pipes  in  the  smoke- 
box.  Sometimes,  as  in  the  boiler,  Fig.  18,  employed  for  the  de  Dion- 
Bouton  omnibus  and  traction  engine  at  the  Versailles  Poids  Lourds 
trials  of  1897,  a  steel  wire,  e,  is  inserted  between  these  pipes  and  the 
steam  valve  which  surrounds  the  fire-box;  in  this  worm  the  steam 
dries,  and  even  becomes  superheated.  The  worm  g,  shown  below 
the  preceding,  is  to  superheat  the  exhaust  steam ;  in  this  way  this 
steam,  which  is  again  re-heated  through  mixing  with  the  hot  gases 
of  combustion  found  in  the  funnel,  is  almost  invisible  when  it 
escapes  into  the  air.  Of  course,  the  boiler  is  provided  with  a  safety- 
valve,  a  steam-gauge,  a  water-gauge,  gauge  and  blow-off  cocks. 
There  are  two  doors  to  admit  of  the  fire-box  being  cleared  out  and 
the  ash-box  emptied.  The  de  Dion-Bouton  boilers  can  be  made  for 
a  power  of  from  25  h.p.  to  several  hundred  horse  power.  For 
automobiles  the  power  varies  from  5  h.p.  to  35  h.p.,  and  the  boilers 
are  registered  at  18  kg.  per  cm.^  (256  lb.  per  sq.  in.)  for  a  normal  pres- 
sure of  14  kg.  per  cm.-  (200  lb.  per  sq.  in.) ;  in  this  case  they  are 
hardly  1  m.  (393  in.)  high  by  07  m.  (27*5  in.)  in  diameter. 
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The  VVeidknecht  multitubular  boiler,  Figs.  19-22,  was  made  entirely 
of  steel,  with  interDal  fire-box  charged  automatically,  and  furnished 
with  a  superheater.  The  grate  was  in  two  parts,  the  back  being  fixed 
and  the  front  movable  by  means  of  a  set  of  rocking  levers  which, 
when  lowered,  allowed  the  fire  to  be  partially  thrown  out  so  as  to  clean 
the  fire-box  without  need  of  completely  emptying  it.     The  whole  was 
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inclined,  and  the  fuel  reached  the  fire-box  from  a  charging  hopper 
placed  in  front  of  the  boiler.  Vertical  tubes  connected  the  crown  of  the 
tire-box  with  the  base  of  the  fimnel,  the  better  to  utilise  the  fuel 
The  water  tubes  were  slightly  incfined  horizontally  to  aid  the  release 
of  the  steam,  and  terminated  at  each  end  in  plates  which  facilitated 
cleaning  and  replacement.  Feeding  was  accomplished  by  a  Sellers 
suction  injector  and  an  automatic  pump,  the  delivery  of  which  could 
be  regulated  by  adjusting  a  valve  in  the  return  water  pipe,  which  was 
e2 
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branched  on  the  feed  pipe.  The  boiler  of  Weidknecht's  16-seat 
omnibus,  constructed  to  carry  500  kg.  (1,100  lb.)  of  luggage,  had 
a  grate  surface  of  27  dm.^  (3  sq.  ft),  a  heating  surface  of  6  m.^ 
(646  sq.  ft.),  87  tubes  of  33  mm.  (1*3  in,)  outer  diameter,  it  gave 
260  kg.  (573  lb.)  of  steam  per  hour  at  an  average  pressure  of  12  kg. 
per  cm.^  (170  lb.  per  sq.  in.),  and  was  registered  for  15  kg.  per  cm.^ 
(213  lb.  per  sq.  in.). 

The  Nfegre  boiler,  a  type  for  heavy  cars,  is  shown  diagrammatically 
by  Fig.  23,  where  F  is  the  fire-box  and  B  the  cylindrical  body,  the 
steam  and  water  being  between  the  two.  To  light  the  coke  fire  the 
damper  R  is  opened,  to  be  closed  again  when  the  fire  is  well  alight : 
the  burnt  gases  cannot  pass  to  the  chimney  except  by  the  winding 
path  marked  by  arrows  in  Fig.  23.  The  feed  water  follows  the  oppo- 
site direction,  entering  a  worm,  «,  s,  which  carries  it  into  the  top  of 
the  boiler  B.  It  gradually  absorbs  the  heat  given  up  by  the  gases 
of  combustion,  and  completes  its  vaporisation  on  entering  the  tubes, 
heated  directly  by  the  fire.  This  boiler  gave  65  kg.  (143  lb.)  of  steam 
at  a  pressure  of  14  kg.  per  cm.^  (200  lb.  per  sq.  in.)  per  kg.  (2*2  lb.)  of 
coke ;  the  ordinary  tjj'pe  vaporises  as  much  as  286  kg.  (616  lb.)  of 
water  per  hour. 

The  Turgan  boiler  consists  of  a  horizontal  cylinder  forming 
the  top  edge  of  a  triangular  prism,  the  sides  being  formed  by  the 
inclined  water-tubes,  and  the  base  by  the  horizontal  grate.  Each 
tube  is  double,  as  shown  by  Fig.  16,  p.  45,  and  the  outer  tube 
opens  at  its  top  end  into  the  cylinder,  and  at  the  base  is  closed 
by  a  screw  plug  outside  the  fire.  The  inner  tube  opens  at  both 
ends,  the  top  into  a  collector  inside  the  cylinder,  and  the  bottom 
near  the  base  of  the  outer  tube.  The  boiler  is  fed  entirely  from 
the  higher  collector,  the  water  descending  through  the  inner  tubes, 
and  rising  through  the  annular  space  between  them  and  the  outer 
tubes.  The  flames  and  hot  gases  are  directed  by  guards,  which 
form  wide  tubes,  touching  each  other.  A  boiler  with  heating 
surface  of  15-5  m.^  (167  sq.  ft.),  and  grate  surface  of  0*6  m.^  (6-5  sq. 
ft),  weighs  900  kg.  (1,980  lb.),  is  085  m.  (33*5  in.)  long,  and  12  m. 
(47-2  in.)  wide,  dome  included.  According  to  the  inventor,  the 
efficiency  with  forced  draught  exceeds  7*5  kg.  (16*5  lb.)  of  steam 
per  kg.  (2*2  lb.)  of  coke ;  a  good  fire  in  the  boiler  produces  750  kg. 
(1,660  lb.)  of  steam  per  hour,  and  the  production  may  attain  1  000 
kg.  (2,200  lb.)  with  very  strongly  forced  draught 
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This  boiler  was  employed  by  Turgan  and  Foy  for  a  steering 
driving  fore-carriage  (p.  573). 

The  Thornycroft  new  water-tube  boiler  is  shown  by  Fig.  24. 
It  is  constructed  wholly  of  steel,  and  is  of  the  Thornycroft  patent 
central-fired,  steam- wagon  type,  having  straight  water- tubes  arranged 
circularly  around  the  fire.  The  total  heating  surface  is  1226  m.^ 
(132  sq.  ft.),  and  the  grate  area  is  039  m.^  (425  sq.  ft.),  and  the 
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Fig.  23.— XloKE  BoiLEU  for  Heavy  Vehicles. 
Fig.  24. — Thorxychoft  Boiler. 


working  pressure  is  up  to  15*8  kg.  per  cm.^  (225  lb.  per  sq.  in.). 
Coke  or  coal  is  used  as  the  fuel,  which  is  introduced  through  the 
central  firing-hole  of  the  top  vessel;  regulation  is  obtained  by  a 
hinged  door  in  the  ashpan  and  by  the  firing-hole  cover.  Plugs  and 
blow-oflT  cock  are  fitted  from  the  bottom  of  the  boiler  for  cleaning  out, 
and  the  fire  can  be  clinkered  through  a  special  and  easily  accessible 
hole  on  the  left-hand  side.  The  top  of  the  boiler  can  be  removed  for 
cleaning  the  insides  of  the   tubes,  whose  outsides  are  cleaned  by  a 
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Bteain  jet,  the  side  casing  being  taken  down  for  the  purpose.  On  the 
r^ht-hand  side  of  the  boiler  is  a  throttle  valve  having  a  long 
spindle  operated  by  a  hand  wheel  One  of  the  two  safety  valves  lifts 
if  the  normal  working  pressure  is  exceeded ;  and  the  other,  set  at  about 
0-7  kg.  per  cm."  (10  lb.  per  sq.  in.)  above  normal  pressure,  rises  in  the 
event  of  the  first  failing  to  act  When  the  vehicle  is  in  motion  the 
boiler  is  fed  by  a  pump  driven  directly  by  the  engine,  and  when 
stationary  the  engine  may  be  disconnected  from  the  transmission 
gear  and  run  free,  thus  feeding  the  boiler ;  or  the  feed  water  may  be 
supplied  by  an  injector  of  special  pattern  mounted  on  the  boiler 


itself  The  Injector  is  so  designed  that  the  cones  may  be  removed  for 
examination  while  the  boiler  is  under  steam.  Fuel  is  economised  by 
heating  the  feed  water  by  the  exhaust  steam. 

The  Lifu  boiler  was  used  by  the  Liquid  Fuel  Engineering  Company, 
Cowes,  Isle  of  Wight.  The  tubes,  grafted  on  a  lower  horizontal 
ring,  rise  vertically  and  then  bend  slightly,  still  remaining  nearly 
as  a  vertical  cylinder,  and  finally  the  tops  enter  the  bottom  of  a 
cylinder  concentric  with  the  lower  ring,  but  above  it,  and  smaller 
in  diameter,  thus  forming  a  steam  chest.  If  the  tubes  shown  in 
Fig.  27  were  wound  spirally  on  a  cylinder  without  the  top  hori- 
zontal boiler,  that  illustration  would  fairly  well  represent  a  Lifu 
boiler.     The   joints   are    made    with    check    nuts,    which    facilitate 
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replacement  or  temporary  plugging  of  a  burst  pipe.  The  boiler 
is  heated  by  using  ordinary  petroleum  in  a  special  burner,  shown 
by  Figs.  25  and  26,  which  two  figures  are  self-explanatory. 
The  delivery  of  petroleum  is  regulated  automatically  by  steam 
pressure.     The  iron  receptacle  seen  over  the  burner  is  filled  with 


Piff.  27.— GiLLKTr  Udilkb. 

materials  which  can  retain  heat  for  a  long  time,  and  these  re-light 
the  burner  when  extinguished  by  the  wind  or  any  water  contained 
by  the  oil  For  an  engine  of  35  indicated  h.p.,  with  a  normal 
development  of  25  h.p.,  the  boiler  has  a  heating  surface  of  about 
7'5  ni,'  (79  sq.  ft).  The  safety  valves  are  regulated  for  a  pressure 
of  18  kg,  per  eia."  (256  lb.  per  sq.  in.),  and  the  pipes  have  been 
tested  for  double  this  pressure. 
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The  GiUett  boiler  is  employed  by  the  Motor  Omnibus  Syn- 
dicate, and  an  idea  of  its  structure  is  given  by  Fig.  27.  The 
fuel  is  coke.  The  boiler  is  partly  fed  with  water  of  condensation 
from  the  exhaust  steam,  by  aid  of  an  injector  and  two  pumps. 
Normal  pressure  is  14  kg.  per  em.'  (200  lb.  per  sq.  in.).  The  makers 
state  that  steam  is  got  up  in  6  minutes,  but  this  is  improbable. 

The  Freadley  boiler  has  horizontal  tubes,  and  is  heated  with 
either  coke  or  petroleum,  coke  being  very  satisfactory,  and  the 
boiler  is  fixed  to  the  frame  of  the  vehicle  by  springs  to  prevent  jolting. 


Fiff.  28. — Toledo  Boilek, 

The  Spencer  (American)  water-tube  boiler  is  of  special  con- 
struction ;  it  comprises  eight  shells  of  tubes,  each  surrounded  by 
a  circulating  coil,  the  shells  being  joined  together  at  top  and  bottom. 
Circulation  is  rapid,  and  sediment  is  removed  by  blowing  oft'.  Its 
heating  surface  is  4'18  ni.^  (45  sq.  ft.),  and  it  is  56  cm.  long,  305  cm. 
wide,  and  45'7  cnx  high  ("22  in.  x  12  in.  x  18  in.).  Paraffin  is  the 
fuel.  The  boiler  water  feed  is  controlled  by  a  float-feed  mochauism 
resembling  that  in  a  popular  form  of  carburetter.  An  aluminium 
float  is  mounted  in  a  vertical  supply  pipe,  and  this  rises  when  the 
required  level  is  reached, and  cuts  off  the  supply,  a  bye-pass  at 
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the  same  time  opening  and  allowing  the  water  to  be  pumped  back 
into  the  water  tank. 

The  Toledo  water-tube  boiler  (Fig.  28)  has  one  shell  (B)  within 
another,  the  chanaber,  A,  between  them  forming  an  annular  water 
space.  Within  the  inner  shell  several  lengths  of  weldless  steel  tube 
are  wound  spirally  to  form  a  central  coil  C  ;  the  ends  of  the  tubes  are 
fitted  into  the  inner  shell  at  top  and  bottom.  The  burner  flame 
at  D  passes  up  between  these  tubes  and  causes  rapid  circulation, 
which  prevent-s  any  deposit  forming  except  at  the  bottom  of  the 
annular  space.  There  are  small  dams  or  scoops  at  the  mouths  of 
the  tubes,  where  they  open  into  the  annular  water  space.    The 


Fig.  29.— WzsToH  BoiLBK.  Fig.  30.— Wmros  Bvrhih. 

Steam  is  taken  from  space  A,  superheated  within  the  coil  C,  and 
passed  to  the  motor  through  pipe  E.  Tho  working  pressure  is  from 
14  kg.  to  17  5  kg.  per  cm.^  (200  lb.  to  250  lb.  per  sq.  ia>,  and  the 
boiler  is  tested  to  42  kg.  per  cm.-  ((iOO  lb.  per  sq.  in.). 

The  \\'es[on  (American)  (Fig.  29)  is  an  exticmely  simple,  well 
made  fire-tube  boiler.  The  cylindrical  shell  and  tubes  are  of  copper, 
the  tubes  being  secured  into  steel  end  plates.  Its  heating  surface  is 
4'2  m.- (-tSsq.  ft,),  and  is  tested  to  a  cold  water  pressure  of  42  kg. 
per  cm."  ((iOO  lb.  per  sq.  in.).  A  safety  valve  blows  oft'  at  a  pressure 
of  15-8  kg.  per  cm.^  (2251b.  per  sq.  m.).  The  burner  (Fig.  30)  is  of 
more   particular   interest.     Two   separate   supply   pipes   lead   to    it. 
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one  feeding  the  pilot  light,  which  heats  the  vaporiser  tube,  and  the 
other  leading  through  the  vaporiser  to  the  main  burner.  The 
driver  regulates  the  fuel  feed,  and  automatic  devices  are  not  used. 
For  lighting  the  burner,  a  little  petrol  spirit  is  allowed  to  tlow 
into  the  receptacle  beneath  the  pilot  lamp,  which  resembles  an 
ordinary  plumber's  blow-lamp.  The  petrol  is  lighted,  and  as  soon 
as  the  lamp  is  heated  sutHciently,  petrol  is  fed  to  it  at  a  constant 
rate.  The  flame  of  the  pilot  lamp  plays  on  the  vaporising  tube 
which  passes  diagonally  across  above  the  burner.  Its  end  farthest 
from  the  pilot  lamp  ia  heated  by  the  burner  itself.    A  steel  cable 


inside  the  tube  acta  as  a  distributing  baffle  for  the  main  fuel  feed 
and  increases  the  heating  surface  of  the  vaporiser.  Economy  is 
effected  by  having  the  few  burner  jets  beneath  the  further  end  ot 
the  vaporiser  tube,  which  then  is  heated  more  highly  when  a 
larger  quantity  of  spirit  is  to  be  vaporised,  and  is  less  highly  he-ited 
when  the  main  feed  is  cut  off. 

The  SiOftuiandrine  tubular  boiler,  invented  by  OfeIdt,an  American, 
is  shown  in  general  view,  the  outer  case  removed  by  Fig.  yi,  and  in 
vertical  section  by  Fig.  32.  It  is  the  result  of  an  attempt  to  adhere 
to  the  old  principle  of  water  tubes  as  against  the  iiiodern  "Hash" 
generator,  whilst  avoiding  the  risk  of  burning  out  at  low  water  and 
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the  diflSculty  of  cleaning,  the  two  chief  disadvantages  of  tubular 
boilers.  A  great  point  is  gained  if  these  disadvantages  can  be 
overcome  whilst  retaining  the  inherent  advantage  of  power  storage ; 
besides,  the  tubular  boiler  does  not  necessitate  so  close  a  synchronism 
between  the  generation  of  steam  and  the  demands  of  the  engine. 
The  construction  of  the  Salamandrine  boiler  is  curious.  A  central 
tubular  shell,  A,  closed  at  the  bottom  by  plate  B,  and  carried  at 
its  upper  end  by  a  plate,  C,  forms  the  extension  of  a  circular  steel 
drum,  1).  The  top  of  the  drum  is  the  plate  E.  Coiled  tubes  F 
and  G  are  arranged  around  the  central  tube,  to  which  they  are 
connected  top  and  bottom.  The  coils  G  form  a  circle  outside 
coils  F.  Each  of  these  vertical  coils  connects  the  upper  portion  of 
the  central  tube  A  with  the  lower  portion.  A  tube,  H,  is  coiled'  or 
wound  concentrically  round  the  series  of  coils  F  and  G,  and  its 
upper  end  communicates  with  the  central  tube  by  means  of  a  pipe,  J, 
to  the  bent  portion  of  which  is  fixed  a  deflector  plate,  K ;  this  plate 
baffles  the  passage  between  the  central  shell  A  and  the  drum  J)  to 
a  certain  extent,  and  prevents  water  being  carried  up  from  one  to 
the  other.  The  feed  water,  fed  into  the  lower  end  of  the  outside 
coil  H  by  pipe  L,  is  led  to  the  top  of  the  central  tube  A;  but 
also  it  can  pass  direct  through  pipe  M  to  the  bottom  of  the  central 
tube.  The  outer  coil  acts  as  the  feed-water  heater,  and  the  inner 
series  of  coils  as  the  steam-raising  and  superheating  tubes.  The 
central  shell  screws  into  the  centre  of  the  burner,  which  forms  a 
supporting  base  for  the  boiler.  The  petrol  spirit  is  fed  through 
the  vaporising  tube  N  down  to  the  nozzle  P ;  around  this  air  enters 
into  pipe  Q,  mixes  with  the  spirit  vapour,  and  passes  to  the  tubular 
chamber  R,  which  has  a  number  of  radial  tubes;  the  fuel  issues 
from  holes  in  their  upper  surfaces,  and  is  here  ignited.  The  flames 
heat  the  vaporising  coil  N,  and  pass  up  around  both  the  inner 
and  outer  coils  F,  G,  and  H.  The  hot  gases  also  surround  the 
steam  drum  D  before  passing  to  the  flue  S.  From  the  steam  drum 
the  steam  passes  through  the  perforations  T,  and  then  to  the 
motor  through  U.  The  baffle  K  and  perforated  pipe  T  ensure  the 
dryness  of  the  steam.  The  burner  is  surrounded  by  a  plate  V 
which  deflects  the  heat  on  to  the  inner  coils.  The  boiler  casing  W 
forms  what  may  be  termed  the  snake  box ;  it  is  easily  removable 
without  interfering  with  the  rest  of  the  boiler,  and  is  made  of 
asbestos  riveted  to  sheet  iron. 
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The  Salamandrine  boiler  is  made  in  three  sizes:  6  h.p.,  52  cm. 
(20-5  in.)  high,  and  weighing  82  kg.  (180  lb.) ;  10  h.p.  57  in.  (225 in.) 
high,  and  weighing  132  kg.  (290  lb.) ;  25  h.p.,  112  cm.  (44  in.)  high, 
and  weighing  204  kg.  (450  lb.).  The  normal  working  pressure  (said 
to  be  attained  in  2J  minutes)  is  from  14  kg.  to  175  kg.  per  cm.^ 
(200  lb.  to  250  lb.  per  sq.  in.),  and  the  boiler  is  tested  to  a  pressure 
of  49"2  kg.  per  cm.^(700  lb.  per  sq.  in.).  In  a  public  test  conducted 
in  America  the  water  was  allowed  to  wholly  evaporate,  and  in  a 
few  minutes  the  bottom  was  heated  to  cherry  red ;  then  cold  water 
was  admitted,  and  normal  pressure  obtained  without  any  leak 
showing.  The  boiler  that  underwent  this  test  a  number  of  times 
has  a  central  shell  12*7  cm.  (5  in.)  in  diameter,  and  406  cm.  (16  in.) 
long;  a  steam  drum  25*4  cm.  (10 in.)  in  diameter  and  127  cm.  high; 
24  inner  coils  about  7  6  cm.  (3  in.)  in  diameter,  and  made  of  32  nun 
(0125  in.)  bore  .pipe;  and  an  outer  coil  of  12*6  mm.  (05  in.)  bore 
pipe.  It  may  be  said  that  there  are  slight  difl'erences  between  the 
boiler  just  described  and  the  very  latest  construction,  in  which  the 
inner  coils  are  slightly  tilted  to  better  catch  the  heat,  this  being 
said  to  increase  the  steam  output  by  10  per  cent. 

Instantaneous  vaporisation  or  flash  boilers  contain  only  a 
minimum  amount  of  water,  so  there  is  no  serious  danger  of  their 
exploding;  for  this  reason,  they  do  not  require  any  safety  valves, 
gauges,  and  such  appliances. 

The  original  flash  boiler,  a  very  old  invention,  wiis  a  large  cast-iron 
pot  made  red-hot,  into  which  water  was  sprayed,  and  falling  on  the  hot 
iron  was  instantaneously  "  flashed "  into  steam,  the  object  being  to 
send  in  just  so  much  water  at  each  stroke  of  the  engine  as  would  supply 
steam  for  the  next  stroke.  In  another  fonn  of  flash  boiler  mercury 
was  kept  at  a  high  temperature,  and  the  water  was  dropped  on  it  to 
flash  into  steam.  Objection  has  of  late  been  raised  against  the  use 
of  the  term  "  flash  boilers  "  in  connection  with  boilers  of  the  small, 
long  tube,  or  SerpoUet  type.  These,  it  has  been  argued,  are  not  flash 
boilers  at  all,  though,  as  the  Engineer  says,  it  is  not  easy  to  find  a 
better  or  more  compact  name. 

A  description  of  the  well-known  Gardner-Serpollet  boiler  may 
well  be  preceded  by  an  enunciation  of  its  principles  and  some  notes 
on  its  operation.  The  boiler  is  an  arrangement  of  conveniently 
converted  steel  circular  tubes  of  varying  thickness,  around  which 
in  an  upward  direction  heat  from  a  paraffin  burner  can  pass  and  be 
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equally  distributed  about  them.  The  cold  water  pumped  into  one 
end  is  converted  into  steam  on  its  way  through  the  one  continuous 
tube.  Only  the  quantity  of  water  that  can  be  converted  during  its 
passage  into  highly  superheated  steam  should  be  supplied ;  if  the  supply 
of  water  is  in  excess  and  beyond  the  capabilities  of  the  boiler  to 
vaporise  and  superheat,  then  the  working  is  inefficient,  and,  on 
the  other  hand,  if  the  heat  is  too  much  and  the  supply  of  water 
too  little,  the  tubes  may  be  damaged  mechanically  from  overheating. 


Fig.  33. — English  Hekfollet  Bo i leu. 

Of  course,  the  heat  given  by  the  burner  varies  with  the  amount  of 
fuel  supplied,  but  there  is  a  limit  to  it.  The  water  introduced 
into  the  boiler  tubes  tends  to  cool  them,  and  theoretically  should 
take  up  the  whole  of  the  burner  heat  produced.  Therefore  the 
amounts  of  water  and  fuel  should  be  proportioned  to  one  another, 
so  that  precisely  the  correct  quantities  are  delivered  at  all  times ; 
otherwise,  the  evils  indicated  above  will  make  themselves  evident. 

In  the  Gardner-Serpollet  system  the  difficulty  is  overcome  by 
connecting  both  the  water  and  fuel  feed-pumps  by  the  same  rocking 
lever,  this  being  rocked  according  to  the  quantity  of  steam  required 


62  THE   AUTOMOBILE. 

by  the  motor.  After  adjustment,  the  fuel  feed  accommodates  itself 
to  the  water  feed.  This  is  the  most  distinctive  feature  of  the 
Gardner- SerpoUet  system.  The  feed-pumps  are  operated  by  the 
motor,  and  hand-regulated  by  the  driver.  For  starting,  it  is 
necessary  to  provide  other  means  of  feeding  the  boiler  and  burner. 
By  means  of  a  hand-pump  a  slight  air-pressure  is  obtained  in  the 
fuel  tank,  the  oil,  in  quantity  depending  on  the  pressure,  finding 
its  way  past  the  pump  check  valves.  This  furnishes  sufficient  heat 
to  generate  a  small  quantity  of  steam.  The  water  for  starting  is 
hand-pumped  into  the  boiler,  and  is  converted  instantly  to  steam; 
as  soon  as  the  motor  starts  it  operates  the  combined  feed-pumps, 
and  further  maintenance  is  automatic,  the  driver  regulating  the 
pump  throw  to  get  sufficient  steam. 

There  are, '  of  course,  points  in  the  operation  of  the  Gardner- 
SerpoUet  boiler  which  are  common  to  all  "  flash  "  generators.  Even 
with  only  a  small  fuel  supply,  the  burner  can  heat  the  tubes  to  a 
temperature  considerably  higher  than  that  of  superheated  steam  if 
the  tubes  have  not  to  give  up  their  heat  to  any  water  passing 
through  them ;  thus  comparatively  little  heat  can  convert  a  few 
drops  of  water  per  minute  into  highly  superheated  steam.  Naturally, 
if  the  water  feed  is  increased,  the  fuel  feed  must  be  also  if  the 
steam  is  to  reach  the  same  temperature.  The  amount  of  fuel 
consumed  by  the  burner  in  a  given  time  is  limited,  but  whatever 
it  is  it  must  have  a  proportionate  quantity  of  air  to  support  its 
combustion.  In  a  flash  boiler,  then,  the  amount  of  water  which 
it  is  capable  of  converting  to  superheated  steam  is  limited,  and 
with  even  the  maximum  burner  heat  the  resultant  steam  will 
be  wet  and  of  low  pressure  if  the  water  feed  is  excessive.  The 
Gardner-Serpollet  boiler  superheats  steam  to  427°  C.  (800°  R),  but 
the  temperature  of  the  tubes  if  they  were  at  cherry-red  heat  would 
be  about  double  this.  Remembering  these  simple  facts,  it  is  easy 
to  understand  why  superheated  steam  of  about  the  same  temperature 
is  generated  in  these  boilers,  irrespective  of  the  amounts  of  fuel  and 
water  supplied  to  them  and  of  the  amount  of  steam  supplied  by  them. 

A  recent  article  in  the  Engineer  stated  some  of  the  disadvantages 
of  flash  boilers  of  the  Serpollet  type.  As  there  is  only  a  most  limited 
steam  space  and  water  reserve,  it  is  evident  that  whatever  goes  on  in 
the  pump  is  immediately  reproduced  in  the  boiler,  and  whatever  takes 
place  in  the  boiler  at  once  affects  the  engine.  Thus,  if  the  pump  misses 
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a  few  strokes,  the  water  level  will  instantly  descend  in  the  tube,  the 
tube  will  become  hotter,  surfaces  will  become  dried,  and  when  the 
pump  again  throws  water  the  surface  may  refuse  to  be  wetted,  and  so 
the  whole  balance  is  upset.  (It  appears  to  be  by  no  means  easy  to 
keep  the  surface  of  highly  heated  tubes  wetted ;  a  spheroidal  condition 
may  be  set  up,  but  what  is  more,  some  kind  of  repulsion  appears  to  be 
produced  between  the  metal  and   the  water.)    Or,  again,  the  pump 


Figs.  34  aad  35. — ^Elevation  axd  C&obs  Section  of  Serpollet  Boilek. 


may  throw  too  much  water,  with  the  result  of  lowering  the  temperature 
and  possibly  drowning  the  engine.  In  the  same  way,  all  going  on 
steadily,  the  fire  is  suddenly  urged ;  the  result  is  that  the  water  is  now 
evaporated  faster  than  the  pump  sends  it  in,  and  a  large  portion  of  the 
tube  may  become  dry.  The  whole  operation  of  generating  steam  and 
working  an  engine  with  a  flash  boiler  depends  for  its  success  on  the 
maintenance  of  a  precise  balance  in  the  relations  of  the  various 
phenomena.  However,  it  is  fair  to  say  that  this  balance  is  so  often 
secure<l  thrtt  this  type  of  boiler  enjoys  great  favour  with  those  who 
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thoroughly  understand  it ;  and,  apparently  complicated  as  is  the 
Serpollet  modern  car,  it  is  to  such  a  large  extent  automatic  that  it  is 
driven  without  difficulty  after  mastering  the  principles  of  its  operation. 
The  English  SerpoUet  flash  boiler  is  shown  in  general  view  by 
Fig.  33,  p.  6],  whilst  the  Gardner-Serpollet  boiler,  a  practically 
identical  device,  is  shown  in  elevation  by  Fig.  34,  and  in  cross 
section  by  Fig.  35,  p.  63.  It  is  built  up  with  a  number  of  hori- 
zontal sections  of  solid-drawn  steel,  as  shown  in  Figs.  3(3  and  37,  en- 
closed in  an  asbestos-lined  casing,  through  which  the  ends  of  the 
sections  project:  Short  connections,  as  illustrated,  couple  up  the  tubes 
externally,  so  that  there  is  one  passage  from  end  to  end,  all  joints 


FigB.  36  nnd  37. — Tchular  SKcrlONi  of  Sirpollet  Boileh, 

being  made  steam-tight  by  copper-covered  asbestos  washers.  The 
section,  Fig.  35,  corresponds  to  Fig.  34.  Water  enters  at  the  top,  is 
given  a  preliioinary  heating  in  the  top  tube,  carried  down  to  the  feed- 
water  heater,  which  is  a  square  coil  (Figs.  38  and  39)  immediately  above 
the  burner,  and  then  passes  upwards  through  the  sections:  at  about 
halfway  a  long  external  tube  takes  it  to  the  top  section  but  one,  and 
from  that  it  travels  down  again  until  it  issues  as  superheated  steam 
from  the  middle  section.  The  circulation  is  shown  by  the  arrows  in 
Figs.  34  and  35,  This  is  a  new  type,  but  in  a  still  newer  one  the 
ends  of  the  tubes  are  brought  up  to  the  top  of  the  boiler.  The 
connections  are  identical  with  those  of  the  earlier  form,  but  all 
external  piping  is  covered  in  to  prevent  loss  of  heat,  this  unprove- 
nient  being  said  to  give  an  improvement  in  steaming  capacity  of 


STEAM  BOILERS   FOB   AUTOMOBILES. 


65 


15  per  cent  Four  sizes  of  boilers  are  made,  and  all  are  tested  to  a 
pressure  of  126*5  kg.  per  cm^.  (1,800  lb.  per  sq.  in.),  the  ordinary  working 
pressure  is  21  kg.  per  cm^.  (300  lb.  per  sq.  in.),  and  the  maximum  possible 
pressure  in  use  is  twice  this.  The  arrangement  of  flues  is  shown  in 
Fig.  40 ;  the  combustion  products  pass  out  at  the  top  as  indicated, 
and  are  then  carried  both  upward  and  downward,  thus  down  draught 
cannot  affect  the  outward  flow  of  the  gases. 


Figs.  38  and  39.— Serpollet  Feed-water 
Heater.  Fig.  40. — Blrner  and  Flues 
OF  Serpollet  Boiler. 


Pig.  40, 


The  burner  is  represented  merely  diagrammatically  in  Fig.  40. 
A  general  view  of  it  is  presented  by  Fig.  41.  It  fits  immediately 
beneath  the  boiler,  and  is  fed  with  ordinary  paraftin  oil  through 
the  pipe  shown  in  Fig.  41  projecting  to  the  right,  the  feed  pipe 
forming  a  rectangular  coil  round  the  top  of  the  burner  and  acting 
as  a  vaporising  tube.  It  feeds  into  a  receptacle  formed  in  the 
main  casting,  where  is  a  wire  gauze  screen  to  keep  back  mechanical 
impurities ;     from     this    small     horizontal    passages    communicate 
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with  each  of  the  twelve  or  sixteen  burners.  These  passages  are 
bored  right  through  the  casting  and  are  phigged  by  small  outside 
screw-caps,  A,  on  the  removal  of  which  it  is  an  easy  matter  to  clean 
out  the  passages  at  any  time.  Each  burner  nozzle — one  is  shown 
separately  by  B,  Fig.  41 — fits  into  a  socket  formed  in  the  casting. 
The  devices  shown  in  Fig.  40  at  the  bottom  of  the  burner  nozzles,  and 
shown  separately  by  C,  Fig.  41,  are  for  the  purpose  of  forcing  them 
against  copper- covered  asbestos  washers  which  complete  the  joints 
between  the  nozzles  and  the  passages  in  the  casting.  The  rectangular 
vaporising  coil  is  supported  by  chimney-like  devices,  D,  Fig.  41, 
fitting  into  the  outside  burner  nozzle  jointing  devices  just  mentioned  ; 
both  coil  and  chimneys  fonn  the  necessary  baffle  and  shield  for  the 


Fig.  41. — Sbbpollkt  Bcrnfr. 

flames  produced  by  the  vaporised  oil  issuing  from  the  nozzles.  The 
air  supply  is  indicated  by  arrows  at  the  bottom  of  Fig.  40  ;  it  passes 
through  perforated  copper  baflles,  which  distribute  the  draught  An 
air  scoop  makes  possible  an  extra  supply  of  air,  and  produces  a  forced 
draught  when  the  car  is  in  motion.  The  burner  is  started  by  heating 
the  vaporising  coil  by  burning  methylated  spirits  in  a  pan  below. 
The  6  h.-p.  burner  has  12  nozzles  and  the  12  h.-p.  burner  16  nozzles. 

The  Gardner-Serpollet  fuel  and  water  connections  are  described 
fully  in  the  chapter  on  steam  cars  (pp.  556  to  562),  and  there  also  will 
be  found  an  explanation  of  the  working  of  the  special  relief  valve. 

The  Simpson  and  Bodman  flash  boiler  is  illustrated  by  Figs.  42  to 
44,  in  which  A  is  the  casing,  B  the  firebrick  lining,  C  the  fire  bars,  I) 
the  fire  doors,  E  the  boiler  tubes,  F  tlie  steel  drum ;  the  coupling 
nut  and   the   coupling   U-tube  are  shown  on  the   right  of  Fig.  43. 
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There  is  an  inner  and  outer  funnel  and  a  back  pressure  valve;  L 
is  the  steam  outlet.  The  boiler  has  sis  single  bent  tubes  or 
twelve  elements  joined  up  in  series  and  placed  on  a  suitable 
casing.  The  boiler  is  started  by  a  hand-worked  pump,  and  is  fed 
by  a  pump  driven  by  a  cam  on  the  road  wheel. "  An  essential 
adjunct  is  the  weldless  steel  cylinder  shown  in  Fig.  43,  which  modifies 
the  otherwise  excessive  amount  of  superheat  possessed  by  the  steam 
as  generated.  The  working  steam  pressure  is  from  7  kg.  to  15'8  kg. 
per  cm.*  (100  lb.  to  250  lb.  per  sq.  in.),  that  is,  its  temperature 
ranges  from  171°  to  190°  C.  (340°  to  390"  F.);  but  the  temperature 
of  tubes   usually  is  from  371°  to  537  7°  C.  (600°  to  1,000°  F.),  and 
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Fig«.  a  ta  44,— S[HP80!(  akd  Bodmax  Boiler. 

consequently  there  is  a  considerable  amount  of  superheat.  The 
steam  as  generated  is  led  into  the  steel  drum,  and  in  this  is  a  bent 
tube  or  U-tube  (see  Fig.  43)  through  which  passes  the  feed  water,  either 
direct  from  the  feed  pumps  or  after  it  has  passed  through  one  or  two 
rows  of  tubes  directly  below  the  flue  to  cool  the  gases.  The  boiler  now 
being  very  hot  and  ready  for  work,  water  is  pumped  by  hand  through 
the  top  rows  of  the  tube,  and  probably  passes  through  the  U-tube  in 
the  drum  as  steam,  thence  to  the  bottom  and  highest  row  of  tubes ; 
it  issues  from  the  middle  row  as  highly  superheated  steam  to  collect 
in  the  body  of  the  drum,  where  it  comes  in  contact  with  the  U-tube 
and  imparts  some  of  its  excessive  heat  to  the  contents  of  the  latter. 
The  weight  of  the  generator  is  2925  kg.  (645  lb.),  and  that  of  the 
.steel  cylinder  44-45  kg.  (98  lb.),  total  337  ]:g.  (743  lb.). 

The  Musker  boiler  is  stated   to   contain  about  823  m.  (270  ft.) 
f2 
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of  solid-drawn  weldless  steel  piping,  159  mm.  (f  in.)  bore,  made  into 
three  concentric  coils ;  the  two  centre  coils  are  made  with  the  rings 
slightly  apart  for  the  flame  or  heat  to  pass  through,  whilst  the  outer  has 
the  rings  coiled  closely  together  to  prevent  the  heat  escaping  except  at 
the  end,  and  the  outside  i§  lagged  with  asbestos  sheets  and  sheet  iron. 
The  ends  of  the  two  inner  coils  are  stopped  with  asbestos,  and  the 
heat  passes  from  the  burner,  which  is  attached  to  the  outer  coil, 
between  and  around  the  rings  of  the  two  inner  coils,  along  between 
the  outer  and  middle  coils,  and  out  at  the  end  farthest  away  from 
the  burner.  The  coils  are  joined  together  by  steel  unions  at  the  back 
of  the  boiler.  Water  is  pumped  into  the  outer  coil  at  the  back 
farthest  from  the  burner,  and  in  its  passage  through  the  whole  length 
is  turned  into  saturated  steam,  and  finally  before  leaving  into  super- 
heated steam.  It  is  said  that  there  is  no  deposit  or  scale  inside  the 
tubes,  because  the  rapid  rush  of  steam  has  a  scouring  action,  and 
because  the  rings  of  the  coils  are  always  altering  slightly  in  form  owing 
to  the  changes  of  pressure  and  temperature.  The  exhaust  steam 
from  the  motor  is  passed  into  the  flue  at  the  back  of  the  boiler, 
is  superheated  by  the  waste  heat,  and  the  gases  and  the  steam  pass 
invisibly  to  the  atmosphere,  the  flue  outlet  being  near  the  ground. 

The  oil  burner  for  heating  the  Musker  boiler  is  of  cast-iron.  A 
fan  forces  air  at  a  pressure  of  25  my.  (1  in.)  of  water  through  the 
heating  chamber,  which  is  heated  by  the  flame,  and  then  through 
a  port  into  the  oil-vaporising  chamber,  into  which  oil  is  pumped 
through  a  pipe  of  4*8  mm.  (yV  ^)  bore.  The  heated  air  takes  up  the 
vaporised  oil,  and  mixture  is  perfected  by  passing  it  backwards  and 
forwards  around  the  burner ;  finally  it  passes  through  the  centre  to 
the  nozzle,  which  consists  of  a  cast-iron  disc  5  cm.  (2  in)  thick, 
having  in  it  about  120  holes  each  of  95  mm.  (f  in.)  diameter,  at  the 
back  being  a  6*3  mnx  (J  in.)  plate  also  perforated,  which  fastens  a 
disc  of  gauze  wire  over  the  holes  to  prevent  back-firing.  Through 
the  centre  of  the  burner  is  fitted  a  wrought-iron  pipe  38  mm.  (li  in.) 
in  diameter,  to  allow  a  lighted  taper  to  be  placed  in  front  of  the 
nozzle  from  the  outside  of  the  burner  at  starting.  A  grid  in  front 
of  the  nozzle  steadies  the  flame  and  deflects  some  of  the  heat  to 
the  walls  of  the  heating  chamber.  There  is  no  smell  with  this 
burner,  and  it  can  be  made  quite  noiseless.  The  consumption 
of  ^el  (any  kind  of  refined  or  crude  oil)  is  976  kg.  per  m.-  (200  lb. 
per  sq.  ft.)  of  nozzle  or  grate  area. 
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The  Chaboche  is  a  rectangular  Hash  boiler  carried  at  the  rear  of 
the  car,  and  two  sectional  views  of  it  are  shown  by  Figs.  45  and  40. 
The  12  h,-p.  boiler  has  five  separate  lengths  of  weldless  steel  tubing ; 
through  a  tubular  grid  at  the  bottom,  somewhat  resembling  a  Gard- 
ner-SerpoUot  boiler  section,  the  water  first  passes.  The  coiled  tubes, 
wound  to  resemble  a  helical  spring,  are  bent  backwards  and  forwards 
so  that  the  convolutions  lie  close  up  to  one  another  in  the  same 
horizontal  plane.  The  lowest  of  the  five  coiled  sections  is  in  halves 
for  easy  removal  of  either  half  when  necessary.  One  layer  lies  across 
the  underneath  one  with  its  coils  at  right  angles  to  it ;  this  is  effected 
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Figi.  45  nnd  46.— Chauoche  Fla^h  Boilbh. 


by  alternate  layers  having  five  long  coils  and  a  correspondii^ly 
greater  number  of  short  coils.  The  bottom  tubular  grid  forms  the 
feed-water  heater,  and  from  it  the  water  passes  first  to  the  top  coil — 
the  steam  generator — and  thence  to  the  lower  coils — the  superheater. 
Thence  it  passes  through  a  safety  valve  and  throttle  valve  to  the 
motor,  the  steam  pipe  acting  as  a  thermostat  for  automatically  con- 
trolling the  burner  according  to  the  steam  temperature.  (With 
expansion,  due  to  increased  temperature,  it  closes  a  needle  valve 
on  the  fuel  supply  pipe.)  The  coils  are  connected  together 
at  the  back  outside  the  actual  generator  but  inside  the  casing,  the 
en<lB  of  the  tubes  being  flanged  over  and  the  faces  of  the  Hanges 
being  forced  tc^ther  with  unions,  no  packing  licing  used  The  burner 
A  is  fixed  beneath  the  boiler,  and  its  flames  pass  up  through  tlie  coils. 
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the  burnt  gases  escaping  through  chimney  B,  fixed  on  a  removable 
portion  of  the  boiler  casing ;  a  big  reflector  plate,  C,  covering  all  the 
chimneys,  prevents  the  hot  gases  from  getting  into  the  body  of  the  car. 
Water  and  fuel  are  fed  mechanically,  and  the  feed  water  is  regulated 
automatically ;  so  is  the  fuel  feed,  as  noted  above  {see  also  pp.  562-564). 

The  Chaboche  burner  uses  ordinary  paraffin,  and  consists  of  six 
actual  burners,  A,  Figs.  45  and  46,  of  one  of  which  a  section  is  shown  by 
Fig.  47.  The  paraffin  is  led,  through  the  vaporising  tube  shown,  to 
M,  and  thence  to  nozzle  A,  and  the  coil  is  heated  preliminarily  by 
burning  methylated  spirit.  A  deflecting  cone,  B,  above  the  nozzle 
spreads  out  the  flame  and  keeps  the  coiled  tube  vaporiser  hot.  The 
only  place  in  the  nozzle  where  dirt  could  interrupt  the  flow  of  the  oil 
js  where  the  oil  issues  through  the  fine  hole  at  the  top,  and  a  needle,  C, 
can  be  forced  up  to  clear  any  obstruction  there,  and  then  moved  down 
again  out  of  the  way.  The  burner  nozzles  being  in  two  rows  of  three 
each,  either  row  can  be  used  separately ;  the  front  set  is  fed  through 
the  left-hand  hole  in  fitting  D,  which  passes  access  the  back  of  the 
burner  casing,  and  the  other  set  is  fed  through  the  right-hand  hole. 
The  flow  of  oil  to  the  two  passages  through  the  fitting  D  is  controlled 
independently  by  a  distribution  valve  fixed  near  to  it  at  the  back  of 
the  car. 

The  Blaxton  flash  boiler  (Fig.  48)  presents  some  novel  and 
interesting  features.  It  consists  of  a  number  of  superimposed  coils 
of  steel  tubing  bore,  25  mm.  (1  in.),  each  coil  forming  a  separate 
element,  and  having  about  9  m.-  (10  sq.  ft.)  of  heating  surface.  The 
coils  are  joined  up  in  series,  with  nuts  and  unions  placed  outside  the 
case  and  away  from  the  heat.  The  principal  feature  is  the  means 
for  adjusting  the  supply  of  liquid  fuel  in  the  same  ratio  as  the 
steam  consumption.  The  oil  is  forced  under  air  pressure  through  a 
heating  coil,  where  it  is  vaporised,  and  thence  to  the  burner,  which 
has  a  perforated  cap  capable  of  slight  vertical  motion ;  to  the  cap  is 
attached  the  spindle  or  stem  of  the  needle  valve.  Rigidly  fixed  in 
the  vertical  axis  of  the  boiler  is  a  large  tube,  closed  at  its  lower  end, 
which  just  touches,  or  nearly  touches,  the  burner  cap.  At  the  top 
the  tube  is  connected  to  one  of  the  elements,  and  within  the  tube  is 
another  open  at  its  lower  end,  and  also  connected  to  an  element,  thus 
providing  a  path  for  the  continuous  circulation  of  the  steam  or  water. 
The  action  is  as  follows :  On  lighting  the  burner  the  temperature 
of  the  elements  is  raised  sufficiently  to  vaporise  the  feed  water,  and  if 


STEAM   BOILERS    FOB   AUTOMOBILES. 


there  is  a  constant  supply  of  cold  water  the  central  tube  i  

A  certain  temperature,  and  consequently  its  length  (dependent  on 
expansion  and  contraction)  allows  the  needle  valve  in  the  burner  to 
pass  sufficient  oil  pas  necessary  to  vaporise  the  water.     Diminishing 


Fig,  <7. — Chaboche  Pakakhs  B 
Fig,  4S.— Blaxtok  Flaku  But 


the  feed  causes  the  central  tube  to  get  hotter,  and  its  lower  end 
presses  upon  the  top  of  the  needle-valve  spindle,  and  the  supply  of 
oi]  gas  is  lessened.  The  boiler  illustrated  is  175  m.  x  -91  ni.  x  -91  m. 
(5  fL  9  in.  X  3  ft  x  3  ft.);  it  has  ll?  m.-  (12(i  sq.  ft.)  of  heating 
surlace;  the  normal  st«am  pressure  is  14  kg.  per  cni.^  (200  lb,  per 
sq.  in.);  it  will  supply  a  25  h.-p.  motor;  and  its  weight,  including 
casing  and  fittings,  is  about  700  kg.  (H  cwt.)     In  Fig.  48,  A  shows 
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tho  boiler,  B  the  burner,  C  the  steam  valve,  I>  the  water  pump,  E 
the  suction  valve,  H  the  air-vessel,  J  the  water  supply  pipe,  and 
K  the  oil  supply  pipe.  The  oil  pump  is  of  the  same  design  as  the 
water  pump  illustrated.  . 

The   White   tubular   flash   boiler    has    distinctive   features,   and 
indeed  is,  unique.    It  is  composed  of  coiled  steel  tubes,  some  oi 


Fig.  49.— Wbiti  Sexi-flash  Boileu. 

which  contain  water  at  all  times,  and  it  is  thus  capable  of  supply- 
ing steam  for  restarting  after  the  car  has  stood  for  some  time.  Its 
chief  advantages  are  this  capacity  for  storing  energy  and  the  fact 
that  steam  generation  need  not  correspond  instantaneously  with  the 
supply  taken  by  the  motor.  These  advantages  are  obtained  by 
coimecting  each  layer  of  coils  with  its  neighbour  through  pipes 
which  rise  above  the  boiler,  so  that  although  the  water  is  fed  into 
the  top  coil  first,  it  cannot  flow  down  to  the  bottom  coil  until  it  first 
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has  filled  completely  each  successive  coil  The  upper  tubes,  natur- 
ally receiving  less  heat  than  the  lower  ones,  may  be  regarded  as 
the  feed-water  heater,  the  lower  ones  being  the  superheater.  The 
water  and  fuel  feeds  are  independent,  different  from  the  SerpoUet 
system.  The  heat  of  the  burner  is  hand  regulated,  and  the  driver 
shuts  off  the  main  fuel  feed  to  the  burner  when  the  car  is  stopped  ; 
the  upper  coils  of  the  burner  then  still  contain  water,  and  are  in 
open  communication  with  the  throttle  valve.  On  again  turning  on  the 
fuel,  the  water  is  evaporated  and  the  car  restarted,  there  not  being 
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any  necessity  for  forcing  water  into  the  boiler  or  using  an  automatic 
self-starter  as  in  the  Scrpollet  system.  For  this  reason  the  White 
boiler  is  termed  by  its  maker  a  "  semi-flash "  boiler.  A  brief 
description  of  the  construction  is  here  given.  Fig.  49  is  a  general 
view  of  the  boiler  and  special  burner.  The  boiler  consists  of  twelve 
horizontal  coils  of  solid-drawn  steel  tube  of  634 mm.  (025  in.)  bore. 
Water  enters  the  top  coil  by  pipe  A,  and  having  tilled  it,  flows 
through  one  of  the  connecting  pipes  shown  on  top  into  the  second 
coil  E^ch  successive  coil  is  connected  in  the  same  way,  the  whole 
of  the  connections  being  above  the  coils.  The  further  end  of  the 
bottom  coil  is  connected  with  a  pipe  passing  across  the  burner 
beneath  the  boiler  and  enclosing  a  thermostat.  Through  this  tube 
passes  the  steam,  which  then  is  led  through  the  lertieal  ])ipo  B  to 
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the  top  of  the  boiler ;  the  steam  goes  to  the  throttle  valve  from  the 
union  connection,  C.  The  coils  are  held  together  by  U-shaped 
stays,  one  end  of  which  passes  up  the  centre  of  the  boiler  and  the 
other  end  outside.  These  are  used  to  clip  the  boiler  in  place  in 
the  car,  and  are  held  together  by  top  tie  bars.  The  coils  are  enclosed 
in  a  case  of  sheet  iron  and  asbestos.  The  average  working  pressure 
is  about  175 kg.  per  cm.*  (2501b.  per  sq.  in.),  and  the  safety  valve 
is  set  to  blow  off  at  double  that  pressure. 

The  White  burner  and  its  connections  are  of  special  interest 
Its  main  portion  I)  (Fig.  49)  is  a  casting  whose  upper  surface  is 
formed  into  circular  ridges  with  a  large  number  of  slits  across 
them.  The  ridges  communicate  with  an  open  space  formed  inside 
the  burner  between  the  easting  D  and  a  stamped  metal  pan  E, 
the  edges  of  which  are  lapped  over  the  edge  of  the  casting.  Vaporised 
petrol  spirit  mixed  with  air  is  injected  through  the  cone  F  into  the 
main  body  of  the  burner,  and  issues  from  the  slits  already  referred  to. 
Auxiliary  air  from  beneath  passes  through  the  tubular  passages,  G 
Fig.  50  (which  shows  part  of  the  burner  and  a  section  of  the  pilot 
lamp)  and  assists  combustion,  but  is  not  mixed  previously  with  the 
gas  inside  the  burner  itself.  The  vaporiser  H  is  heated  by  the  burner 
itself  when  that  is  alight,  but  it  has  a  plate  fixed  to  it  immediately 
above  the  pilot  lamp,  and  normally  is  heated  from  that  source. 
The  thermostat  J  is  carried  by  the  casting  K,  which  encloses 
the  needle  valve  controlling  the  feed  of  fuel  to  the  vaporiser.  The 
thermostat  passes  diagonally  across  above  the  burner ;  it  consists 
of  a  brass  tube  J  (Fig.  51)  enclosing  a  steel  rod  L,  connected 
through  a  bell  crank  M  with  the  needle  N.  When  the  tempera^ 
ture  of  the  steam  passing  around  the  tube  J  reaches  a  certain 
point,  its  expansion  causes  the  rod  L  to  be  drawn  away  from  the 
fitting  K,  and  the  bell  crank  allows  the  needle  N  to  reduce  the 
petrol  feed  flowing  past  it.  This  valve  very  nearly,  but  not  quite, 
closes.  Although. the  driver  can  regulate  the  petrol  feed  to  the 
burner  by  the  valve  0,  it  is  left  fully  open  in  ordinary  practice 
when  the  car  is  travelling.     The  nozzle  from  which  the  gas  issues  I 

into  the  burner  is  also  fitted  with  a  needle  valve,  but  its  object  is  , 

more  that  of  cleaning  the  orifice  when  necessary  than  for  regulating  j 

the  passage  of  gas.  The  fuel  and  water  connections  on  the  White 
car  are  further  dealt  with  on  pp.  570  and  571.  j 

The  type  of  N^gre  boiler  (Fig.  52)  used  for  light  cars  may  have  a 
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powerful  Longuemare  burner,  consuming  about  1  1.  (1-76  pt.)  of  petro- 
leum to  vaporise  sufficient  water  to  produce  one  horse-power  hour,  or 
it  may  bo  fired  with  alcohol,  coke,  or  coal.  The  feed  water  enters  from 
below,  and  is  heated  in  a  bundle  of  tubes,  all  of  which  coniinunicate 
with  an  annular  chamber ;  these  tubes  have  a  bore  of  6  mm.  (^SO  in.) 
and  an  outside  diameter  of  12  mm.  ("472  in.),  and  thej'  number  204. 
Vaporisation  begins  instantly 
the  burner  or  fire  is  lit.     Each 

tube  is  connected  to  a  collector  I 

above  by  a  very  small  passage, 
which  obhges  the  water  to 
separate  from  the  steam,  the 
circulation  being  very  slow. 
The  dry  steam  passes  to  a 
second  collector  below  the 
first,  connection  from  one  to 
the  other  being  assured  by 
U-shaped  tubes,  as  shown  in 
Fig.  52.  The  steam  passes 
through  a  hollow  bolt,  which 
at  the  same  time  serves  to 
hold  the  steam  pipe.  Thus 
the  steam  becomes  super- 
heated and,  though  under  a  ■ 
low  pressure,  is  still  very  dry. 

Valentin     boilers     are     so  __ 

named     fi-ora     their    designer,        ^"'S-  52— NScrb  BoiLfn  run  Lioht 
manager  of  the  workshops  of 

the  Compagnie  Gen^rale  des  Automobiles,  who  also  runs  the 
water  to  be  vaporised  into  the  very  small  annidar  space  between 
two  concentric  iron  tubes,  but  the  Hames  reach  the  inside  of  the 
small  tube  as  well  as  the  outside  of  the  large,  thus  increasing 
the  heating  surfaca  Water  is  injected  by  a  pump.  Tlicre  is 
no  needle  valve,  as  in  the  primitive  Serpollet  type.  The  fuel 
employed  for  heating  is  coke,  which  slides  automatically  on  an 
inclined  grate,  and  the  draught  is  obtained  by  a  very  short  flue, 
the  fire-box  being  in  i'ront,  and  the  motion  of  the  car  gives  a 
sufficient  draught.  The  exhaust  steam  is  not  injected  ;  instead  it 
is  condensed   by  running  it   through  a  system  of  tubes  with   gills. 
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and  these  gills,  instead  of  being  cast  on  with  the  tubes,  are  forced 
on  them. 

The  principle  of  the  Montier  and  Giilet  boiler  is  similar  to  that 
of  the  preceding.  The  flames  ascend  between  the  horizontal  tubes, 
then  descend  along  the  ends  of  these  tubes  opposite  the  flue,  and 
cross  them  horizontally  to  reach  this  flue.  The  steam  formed 
passes  into  collectors,  where  it  is  dried,  as  is  necessary  after  such 
rapid  vaporisation. 

In  the  K^cheur  boiler  each  part  is  formed,  first  by  a  vertical 
steel  tube,  and  inside  that  a  thicker  steel  tube  fits  exactly;  the 
inner  tube  has,  on  the  part  near  the  outer  tube,  a  helicoidal 
square  groove,  15  mm.  (0'59  in.)  in  section.  It  is  heated  by  a 
Longuemare  petrol  spirit  burner  similar  to  that  employed  for  heating 
the  incandescent  ignition  tubes  of  petrol  motors.  The  flame 
from  the  burner  enters  into  the  flue  formed  by  the  interior  tube, 
and  there  causes  a  draught  and  very  active  combustion.  The 
parts  are  united  togeflier  by  horizontal  sleeves,  with  joints  well 
secured  by  a  double  screw-thread  running  in  opposite  directions, 
so  that  the  water  and  steam  pass  along  the  complete  circuit. 
Feeding  is  accomplished  by  an  automatic  pump,  whose  delivery 
can  be  regulated  with  a  lever  so  as  to  vary  the  speed  of  the 
car,  there  being  no  mechanical  change  of  speed.  The  water  injected 
is  obtained  largely  from  exhaust  steam  condensed  in  an  appliance 
in  which  use  is  made  of  the  absorbing  power  of  wire  gauze.  The 
Toward  and  Philipson,  and  Tangye  and  Johnson  boilers  may  be 
mentioned  by  way  of  note. 

Such  are  the  most  commonly  employed  boilers  for  automobiles. 
Vertical  fire-tube  boilers,  formerly  used  only  on  heavy  vehicles  such 
as  the  Leyland  and  Coulthard,  are  now  used  on  light  cars,  such  as  the 
House,  Chelmsford,  Locomobile,  etc.  As  a  rule  water-tube  boilers 
are  suitable  only  for  heavy  vehicles,  but  the  Toledo  light  car 
finds  a  special  type  satisfactory.  Their  weight  (500  kg.,  or 
1,100  lb.)  is  the  reason,  the  amount  of  water  they  contain  (about 
50  kg.,  or  110  lb.)  being  sufficient  to  cause  risk  of  explosion  (mere 
bursting  of  a  tube  may  have  serious  consequences),  but  not  enough 
to  ensure  regularity  of  pressure  and  level.  It  is  regrettable  that 
their  tubes  have  not  gills,  for  it  must  not  be  forgotten  that  Baudry 
demonstrated  on  the  locomotives  of  the  Paris-Lyons-Mediterranean 
Railway  that  where  gilled  tubes  vaporise  92  kg.  (202  lb.) .of  water, 
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smooth  tubes  vaporise  only  75  kg.  (165  lb.) ;  and  the  relative 
proportion  is  the  same  in  the  case  of  a,utomobiles.  It  may  be 
added  that  boilers  with  hanging  tubes  seem  to  start  more  rapidly 
than  others.  Both  light  and  heavy  cars  can  have  flash  boilers,  but 
only  exceptionally  are  such  heavy  cars  heated  by  liquid  fuel ;  flash 
bdilers  fed  with  proper  proportions  of  water  and  petroleum,  as  in 
the  SerpoUet,  seem  capable  of  doing  good  service. 


Fig.  fi3. — LdNavEMAHE  Bvrneu  fou  Bdilihs. 

The  burners  employed  mth  liquid  fuel  under  automobile  boilers 
are  very  variable  in  form,  but  are  mostly  based  on  the  principle 
of  the  Bunsen  burner ;  that  is,  the  pressure  at  which  the  gas  or 
vapour  is  supplied  to  the  burner  causes  the  drawing  in  of  most 
of  the  air  requisite  for  combustion.  For  automobiles  generallj- 
recourse  is  had  to  air  under  pressure  forced  by  a  pump  into  a 
receptacle  containing  petroleum.  The  vapour  from  the  petroleum 
has  to  be  obtained  at  the  outset  by  small  temporary  burners 
easily  ignited  with  a  little  alcohol,  and  heating  the  closed  vessol 
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containing  a  certain  amount  of  liquid  fuel.  The  live  steam,  also, 
can  be  employed  to  draw  in  the  fuel  and  air.  Heating  with  liquid 
fuel  has  incontestable  advantages,  and  enables  steam  to  be  got  up 
more  rapidly  than  with  coke  or  coal. 

Burners   abeady  described   are   the   Clarkson  and    Capel,  Lifu, 
Weston,  SerpoUet,  Musker,  Chaboche,  Blaxton,  and  White. 

The  Longuemare  burner  for  petroleum  (Fig.  53)  is  used  on  many 
vehicles,  and  is  of  exceptional  power.  The  oil  enters  by  the  vertical 
tube  A,  and  is  vaporised  in  the  steel  worms  B,  on  arriving  at  the 
top  of  which  the  vapour  is  conducted  by  the  pipe  C  to  the  base, 
where  is  situated  a  central  screw  valve  regulated  by  the  handle  D, 
to  control  the  supply.  There  are  seven  burner  tips,  E,  as  illustrated 
in  plan  in  the  type  here  dealt  with,  but  smaller  burners  have  only  one 
or  some  number  less  than  seven,  Fig.  53  illustrating  the  most  powerful 
Longuemare  burner  made  (No.  4),  its  maximum  consumption  of  oil 
being  between  6  1.  and  8  1.  (10*5  to  14  pts.)  per  hour.  The  supply  to 
each  burner  tip  can  be  regulated  to  a  nicety,  and  when  the  vehicle  is 
proceeding  at  half-speed  only  three  burner  tips  need  be  kept  alight, 
and  the  four  others  are  cut  out  The  present  burner  is  a  develop- 
ment of  simpler  and  less  powerful  devices.  No.  1  burner  consumes 
about  2  1.  (35  pts.)  of  oil  per  hour;  No.  2,  4  L  (7  pts.)  per  hour; 
No.  3,  from  4  1.  to  5  1.  (7  to  8*8  pts.)  per  hour;  1  1.  (1*76  pt.)  gives 
the  1  h.-p.  hour. 

The  Creek  or  Creinorne  steam  van  employs  in  connection  with 
a  flash  boiler  an  ingenious  fuel  and  water  regulator  and  a  Johnston 
burner.  Fig.  54  is  a  section  of  the  regulator,  the  regulating  rod  0 
in  which  is  attached  to  the  lever  F  of  the  burner  shown  in 
elevation  by  Fig.  55  and  in  section  by  Fig.  56.  The  regulator  has  a 
reservoir  A  (Fig.  54)  containing  air  under  a  pressure  equivalent  to 
that  in  the  boiler.  Water  from  the  feed  pump  enters  pipe  B,  and 
through  C  reaches  cylinder  D.  A  portion  of  the  water  enters  the 
reservoir  A  through  the  annular  space  C^  and  rising  to  the  top  of 
tube  E  flows  do^v^l  that  tube  to  the  passage  F,  where  it  is  held 
by  the  relief  valve  G.  The  two  opposite  pressures  operating  the 
regulator  are  (1)  that  of  the  boiler  acting  on  the  under  side  of 
piston  H,  and  (2)  the  feed  pressure  acting  upon  the  top  side  of 
the  piston.  Pipe  I  and  passage  T  convey  the  pressure  to  the 
bottom  of  the  cylinder,  and  also  are  in  connection  with  a  relief 
valve,  J.     The  piston  rod  K  has  a  long  conical  valve,  K^  turned  on 
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its   lower   end,    which    comes   in    contact   with   its   seat    L   in    the 
cylinder  cover  when  the  piston  is  at  its  highest  point.     Connected 


Figs.  65  and  58. — Check  oh  Johkbton  Pamaffin  Buunbu. 

to  the  top  of  the  piston  rod  K  is  a  lever,  M,  acting  at  its  other 
end  and  connected  to  a  rod,  0,  which  controls  the  paraffin  feed  by 
raising  or  lowering  the  burner,     JI  is  fulcriiTned  on  N,  whose  lateral 
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position,  which  determines  the  vertical  play  of  rod  0,  ia  adjustable 
by  means  of  the  hand  wheel  P ;  the  stroke  of  rod  0  is  altered  in 
proportion  to  that  of  the  piston  rod  K.  Suppose  the  fulcrum  N 
to  be  adjusted  to  maintain  a  constant  head  of  steam  at,  say,  14  kg- 
per  cm."  (200  lb.  per  sq.  in.),  with  a  like  pressure  in  the  reservoir  A. 
The  boiler  pressure  under  piston  H  tends  to  force  it  up  and  cut 
off  the  water  supply  by  means  of  the  conical  piston  rod  K'.  The 
feed-pump  pressure  above  piston  H  counterbalances  tbis  tendency, 
however ;  but  should  the  boiler  pressure  exceed  the  feed  pressure, 
the  piston  H  rises  and  decreases  the  water  supply,  and  the  fuel 
valve  cuts  down  the  supply  of  paraffin.  The  reverse  is  the  case 
if  the  feed-water  pressure  exceeds  the  boiler  pressure,  more  water 


passing  into  the  boiler  through  the  ball  check  valve  Q  and  pipe  I. 
The  rehef  valves  G  and  J  act  as  safety  valves  to  the  boiler  and 
feed-water  supply,  and  are  held  on  their  seats  by  beam  S  and 
spring  T,  regulated  by  nut  U. 

The  paraffin  burner  (Figs.  55  and  66)  used  in  connection  with  the 
above  regulator  has  two  concentric  rings,  A  B,  fastened  together  by 
bolts  C.  The  inner  ring  A  carrries  a  sleeve,  D.  which  slides  in 
the  bracket  E,  and  so  the  inner  ring — the  actual  burner — can  be 
raised  or  lowered  by  means  of  the  forked  lever  F.  The  oil  fuel 
enters  the  outer  ring  B  through  the  pipe  shown  at  the  left-hand 
side,  and  is  Iicated  in  the  annular  space  H  and  vaporised  in  pipe  J, 
which  is  in  contact  with  a  portion  of  the  ilaiue.  The  vapour  is 
ejected  at  the  nozzle  K,  and  mixed  with  air  which  enter  at  L. 
The  mixture  pa.sses  into  the  amiular  chamber  M  of  the  burner  A, 
and  is  ignited  at  a  nuTuber  of  small  holes,  N.  When  the  regulator 
described  above  raises  the   burner   bodily,  needle   valve  0  is  lifted 
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from  nozzle  K,  and  allows  a  large  amount  of  oil  vapour  to  pass 
to  the  burner ;  also,  the  flame  is  brought  nearer  to  the  vaporising 
tube  J,  and  greater  heat  obtained  to  vaporise  the  larger  quantity 
of  oil  passing.     For  starting,  oil  is  burnt  in  traj-  P. 

The  Prescott  (American)  burner  (see  Fig.  57)  has  fourteen  parallel 
tubes,  with  air  spaces  between,  within  a  cylindrical  case.  Con- 
necting all  these  together  is  a  transverse  pipe,  into  which  is  injected 
the  combustible  mixture  through  the  lower  of  the  two  cones  shown 
in  Fig.  57.  The  injection  apparatus,  a  diaphr^m  valve,  is  shown 
in  Fig.  58.     A  separate  jet  feeds  petrol  vapour  into  the  upper  and 


Fig.  68.— Pkebcott  DtAFKRAGM  Valte. 

smaller  cone  whose  passive  leads  nearly  half-way  through  one  of 
the  tubes  forming  the  burner,  this  particular  tube  being  stopped  off 
internally  at  this  point,  and  forming  the  pilot  light.  The  com- 
bustible mixture  issues  from  the  two  rows  of  holes  in  the  upper 
sides  of  the  tubes,  as  in  Fig.  57,  to  teed  the  furnace.  The  main  fuel- 
feed  leads  to  the  diaphragm  fittmg.  Fig.  58,  the  petrol  passing 
through  a  coil  placed  above  the  boiler  and  leading  through  two  of 
the  boiler  tubes  before  being  led  across  above  the  burner  to  this 
fitting.  The  main  burner  feed  is  controlled  automatically  liy  the 
steam  pressure  in  the  diaphragm  valve  in  much  the  usual  manner, 
a  needle  valve  regulating  the  flow  of  fuel  The  diaphragm  does  not 
control  the  auxiliary  feed  to  the  pilot  light,  which  can  be  cut  off 
by  the  hand  wheel  shown  to  the  left  in  Fig.  58,  or  the  quantity 
passii^  to  the  burner  can  be  regulated  by  another  needle  valve. 
At  starting,  a  blow-lamp  heats  the  external  pipe  fittings  imme- 
diately outside  the  pilot  light  feed.  This  vaporises  sufficient  oil 
for  the  pilot  light,  and  steam  can  be  raised  in  about  six  minutes. 
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CHAPTER    IV. 

STEAM   MOTORS   FOR  AUTOMOBILES. 

The  steam  engine,  or,  in  automobile  language,  the  steam  motor, 
is  naturally  suitable  for  automobile  service;  and  the  opposite  to 
what  was  the  case  with  the  steam  boiler,  it  was  not  necessary  to 
alter  it  much  to  adapt  it  to  its  new  application.  Already  possess- 
ing the  essentials  of  an  automobile  motor — simplicity,  reliability, 
elasticity,  and,  apart  from  the  boiler,  lightness — it  was  adopted 
just  as  it  was,  and,  it  may  almost  be  said,  under  all  the  various 
forms  the  steam  engine  is  capable  of  assuming.  For  though,  as 
yet,  practical  results  have  been  given  only  by  the  alternating  type 
with  fixed  cylinders  and  single  or  double  expansion,  both  the 
oscillating  and  rotary  types  have  been  tested  for  automobile  service. 
Consequently,  in  the  review  about  to  be  given  of  the  various 
applications,  the  methodic  order  of  a  regular  classification  of  steam 
motors  can  be  followed. 

Simple  expansion  alternating  motors,  with  oscillating  cylinders, 
will  be  considered  first.  The  Ravel  motor,  employed  for  the 
tricycle  of  1868,  had  two  oscillating  cylinders  working  at  about 
100  revolutions  per  minute,  so  that  the  cranks  could  be  coupled 
directly  with  the  driving  axle,  because  at  this  rate  the  engine  was 
considered  to  be  able  to  withstand  the  effect  of  the  jolts  caused 
by  the  road.  This  system  was  not  imitated,  probably  because  it  was 
too  destructive  to  the  mechanism,  in  spite  of  the  elastic  working 
of  the  motor,  a  tangible  proof  of  which  is  given  by  the  railway 
locomotive,  and  the  fear  of  jolts  on  the  road  caused  the  speed  rate 
to  be  kept  too  low.  This  is  to  be  regretted,  because,  dispensing  with 
toothed  or  other  transmission  g^r  with  several  speeds,  this  device 
gave  a  simplicity  not  to  be  found  in  others.  Moreover,  if  instead 
of  a  two-cyUnder  motor,  driving  the  same  axle,  two  independent 
cylinder  motors  are  employed,  each  driving  a  wheel,  there  is  no 
necessity  for  that  always  complicated  part,  the  difierential.  Some 
day,  perhaps,  an  ingenious  invention — for  example,  that  of  a  spring 
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capable  of  sufficiently  deadening  the  jolt  caused  by  the  road — may 
enable  the  above  system  to  be  returned  to. 

The  AmM^e  Boll6e  motor  was  an  example  of  the  simple  expansion 
alternating  motors  with  two  fixed  cylinders  inclined  at  45°.  This 
motor  had  a  balanced  rotary  distributor,  allowing  expansion  and 
reversing.  With  the  boiler  described  on  p.  46,  two  cylinders,  015 
m.  (5*9  in,)  in  diameter  and  0*16  m.  (6-3  in.)  stroke,  gave  an  average 
of  15  h.p.,  which  could  be  increased  to  30.  The  Serpollet  (first 
type),  Le  Blant,  Scotte,  and  Weidknecht  motors  are  of  practi- 
cally the  same  type  as  the  above,  except  that  they  have  two  parallel 
cylinders. 

The  Le  Blant  motor  has  two  parallel  cylinders,  each  170  mm. 
(6*7  in.)  diameter  and  180  mm.  (7  in.)  stroke,  and  the  admission 
of  steam  is  governed  by  cylindrical  balanced  slide  valves  variable 
from  10  per  cent,  to  80  per  cent,  by  a  Walschaert's  valve  gear, 
which  has  the  advantage  of  not  employing  an  eccentric  and  of 
working  in  all  notches  of  expansion  without  altering  the  lead  of 
the  shde  valves,  whereas  the  Stephenson  link  motion  decreases 
the  lead  and  admission  near  the  dead  centre.  This  motor,  weighing 
450  kg.  (990  lb.),  gives  an  average  of  from  15  to  20  h.p., 
and  can  attain  30  h.p.,  and  generally  rotates  at  a  speed  of  from 
180  to  200  revolutions  per  minute.  The  motor  of  20  to  30  h.p., 
capable  of  giving  60  h.p.  exceptionally,  has  two  cylinders  of 
200  mm.  (7*8  ia)  diameter  and  220  mm.  (865  ia)  stroke,  and 
weighs  900  kg.  (1,980  lb.). 

Weidknecht  employed  for  his  omnibus  with  15  seats,  and 
carrying  500  kg.  (1,100  lb.)  of  luggage,  a  20  h.p.  motor  with  cylinders 
125  mm.  (4*9  in.)  in  diameter,  and  the  same  stroke,  Solms'  system  of 
radial  expansion  not  employing  link  motion,  and  giving  a  variable 
expansion  with  wide  limits  (10  per  cent,  to  83  per  cent.).  Normally, 
the  engine  worked  at  350  revolutions  per  minute. 

Scotte  employed  the  steam-hammer  type  of  engine,  with  two 
double-acting  vertical  cylinders.  The  omnibus  which  figured  at  the 
heavy  vehicle  competition  at  Versailles  in  1897  had  a  motor  of  14  h.p., 
cylinders  110  mm.  (4*3  in.)  in  diameter,  and  115  mm.  (4*5  in.)  stroke. 
The  valve  and  reversing  gears  consisted  of  the  ordinary  eccentrics 
and  Stephenson's  link  motion,  and  admission  could  be  prolonged 
for  70  per  cent  of  the  stroke;  the  motor  worked  normally  at  the 
rate  of  400  revolutions  per  minute,  and  weighed  270  kg.  (594  lb.) 
G  2 
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The  steam-hammer  type  also  was  adopted  by  the  Lancashire 
Steam  Motor  Company,  whose  engine  is  not  reversible,  by  D.  Martyn, 
and  Freakley.  In  the  Freakley  motor  for  a  car  with  30  seats,  each 
cylinder  is  11-5  cm.  (4'5  in.)  in  diameter,  and  22  cm.  (8'7  in.)  stroke; 
distribution  is  by  slide  valve  and  Stephenson's  link  motion.  In  the 
Stanley  motor  for  car  with  2  seats,  the  pistons  are  5  cm,  (2  in.) 
diameter,  and  9  cm.  (3'5  in.)  stroke. 

The  Chelmsford  12  h.p.  steam  motor  (Clarkson  and  Capel), 
shown   in  vertical   section  by  Figs.   58  and  59,  has  two  horizontal 


Fig.  58. — Vbbtical  Section  of  CHSLvaFOHn  Strax  Motob. 

double-acting  high-pressure  cylinders,  with  a  bore  and  piston  stroke 
of  1 0-2  cm.  (4  in,).  The  pistons  are  shown  at  A.  The  crank 
chamber  is  entirely  enclosed,  and  the  countershaft  differential  gear 
is  placed  insidfi  it.  The  slide  valves  B  beneath  the  cylinders  are 
operated  by  Joy  valve  gear  enclosed  in  a  casing,  C.  The  crank- 
shaft has  two  overhanffing  cranks,  D,  sot  at  an  angle  of  90'  to  one 
another,  and  is  carried  in  bearings  E,  formed  in  the  casting  F.  The 
power  is  transmitted  from  a  steel  spur  wheel  G  between  the  two 
cranks  to  a  phosphor-bronze  wheel  surrounding  the  differential 
gear,  the  countershaft  of  which  is  mounted  in  four  double  ball 
bearings.  The  cross  countershaft  drives  four  separate  pumps — the- 
boiler   feed-water  pump,  the  lubricating   oil  circulation  purnp,  con- 
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dense  water  pump,  and  the  paraffin  oil  feed  pump.  The  countershaft 
chain  drives  the  road  wheels  in  the  usual  way.  A  separate  pipe  leads 
the  exhaust  from  each  cylinder  through  feed-water  heaters  to  a 
cooler  forming  the  front  of  a  bonnet  which  is  placed  much  as  in  a 
petrol  car  (see  p.  549). 

The  Toledo  7^  h.p.  steam  motor  (American)  is  shown  in 
general  view  by  Fig.  60,  p.  86.  It  is  pivoted  to  the  car  body  by  a 
ball  joint  at  the  top,  and  is  also  held  in  position  by  a  distance  rod 
passing  to  the  back  axle.      It  has   two  vertical  cylinders,  double 


Fig.  69.— Vertical  Section  op  Chelmsfoud  Steam  Motor. 


acting  and  high  pressure,  and,  instead  of  slide  valves,  it  has  piston 
valves  as  illustrated.  These  have  rings  to  prevent  leakage.  The 
cylinder  bore  is  7*6  cm.  (3  in.)  and  the  piston  stroke  10  2  cm.  (4  in.). 
Cranks,  eccentric  blocks,  and  the  central  sprocket  are  drop  forgings : 
the  crank-shaft  is  carried  in  ring  lubricator  bearings,  2*8  cm.  (1-125  in.) 
in  diameter,  and  ball  bearings  are  not  used  at  all.  The  valves 
are  operated  by  the  usual  link  reversing  gear.  The  valve  stems 
are  ball-jointed  to  the  guide  pieces  which  operate  them.  The  crank 
chambers  entirely  enclose  the  connecting  rods  and  cranks,  which 
are  lubricated  on  the  splash  principle,  the  connecting  rods  having 
scoops  at  their  ends  for  throwing  the  oil  on  to  the  various  parts. 
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The  cylinders  are  lubricated  automatically  from  a  steam-pressure 
tank  of  a  capacity  sufficient  for  240  km.  (150  milea).  The  cross- 
hesds  for  the  two  cylinders  are  connected  with  the  plungers  of  two 
pumps  fitted  at  the  sides  of  the  motor  and  enclosed  in  dust-proof 
casings.  One  pump  is  for  the  boiler  feed  water,  and  the  other 
maintains  an  air  pressure  in  the  fuel  tank.  Relief  cocks  in  the 
cylinders  allow  any  condensed  water  to  escape  at  starting.    The 


Fig.  60.  Fig.  61.- 

makers  claim  that  this  motor  produces  one  horse-power  hour  for 
every  10"9  kg.  (24  lb.)  of  steam  supplied  by  this  boUer  (see  p.  57). 

The  White  steam  motor  (American)  has  two  cylinders  and  is 
double-acting,  not  differing  materially  from  the  other  American 
motors  now  becoming  so  popular.  It  has  slide  valves  and  the  usual 
link  motion  reversing  gear.  The  cylinder  bore  is  80  cm.  (3'5  in.), 
and  the  piston  stroke  is  10'2  cm.  (4  in.).  The  one  novel  feature 
is  the  aluminium  crank  cliamber,  entirely  enclosing  all  moving  parts 
between  the  cylinders  and  central  driving  sprocket.      The   crank 
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churaber  has  a  removable  base  on  each  side  of  the  driving  sprocket, 
thus  rendering  the  ball  bearings,  which  are  employed  throughout, 
very  accessible.  The  left  crossbead  drives  the  feed-water  pump, 
condense-water  purap,  and  an  air  pump  for  maintaining  pressure 
in  the  petrol  tank.  For  lubricating  the  cylinder,  a  small  pump  is 
introduced  into  the  oil  tank ;  the  pump  plunger  is  connected  with 


Fig.  ai. 
Fig,  02.— VntncAL  Sbctiob  o 

a  rod  controlled  by  the  driver,  who  unscrews  the  rod  to  unlock 
the  pump  valves.  Then  the  plunger  can  be  worked  by  hand,  and 
the  lubricating  oil  injected  into  the  live  steam  pipe,  whence  it  is 
carried  as  spray  into  the  working  cylinders. 

The  Weston  steam  motor  tj-pifies  American  construction,  and 
afwr  what  has  been  said  it  is  not  necessary  to  give  a  detailed 
description  of  it  Fig,  61  shows  a  6  h-p.  double-acting  two-cylinder 
motor  with  the  customary  link  motion.  The  frames  are  of  phosphor- 
bronze,  and  the  majority  of  the  bearings  are  ball.    The  eccentrics 
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and  driving  sprocket  form  a  single  drop  forging,  and  the  two 
cranks  which  fit  into  this  piece  at  the  ends  are  strongly  pinned 
in  place.  This  method  supersedes  the  built-up  shafts  formerly 
employed. 

The  chief  point  of  the  House  10  h.p.  horizontal  steam  motor  is 
the  means  whereby  a  special  controller  underneath  can  put  the 


Fig.  64. — Simpson  and  Bodmax  Stbam  Motor  :    Transvekse  Section. 


two  cylinders  (ordinarily  running,  as  it  were,  in  series)  in  parallel 
for  hill  climbing,  etc.  This  electrical  simile  is  explained  by  saying 
that,  on  operating  the  controller,  live  steam  is  admitted  from  the 
boiler  into  both  of  the  cylinders,  which  are  then  high-pressure  (this 
being  the  parallel  arrangement),  instead  of  one  cylinder  being  high- 
pressure  and  the  other  working  with  the  low-pressure  steam  taken 
from  the  first  (this  being  analogous  to  a  series  arrangement).  Piston 
valves  replace  the  ordinary  slide  valve.  The  motor  is  suspended 
from  a  bracket  by  means  of  a  double  ball-jointed  rod. 

The  Miesse  nominal  10  h.p.  steam  motor,  employed  on  a  lurry, 
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has  three  horizontal  cyhnders  cast  in  one,  and  bolted  to  an  enclosed 
crank  chamber.  The  mushroom-type  inlet  valves  on,  the  npper  side 
and  the  exhaust  valves  on  the  under  side  are  all  operated  by  cams, 
which  with  their  shafts  slide  longitudinally  in  order  to  reverse. 
This  is  similar  to  the  Serpollet  system,  as  a  glance  at  the  view  of  the 
Serpollet  motor,   Fig.    69,  p.  93,  will  show.     The  spur  wheel  fixed 


Fig.  ti5. — Simpson  and  Bodhan  Steam  Motor  :    Lonoitvdin-al  Sectios. 

to  the  cam  shafts  also  are  drawn  sideways  in  mesh  with  a  wide 
spur  wheel  which  drives  them.  The  crank  chamber  encloses  the 
differential  gear,  on  the  casing  of  which  is  a  spur  wheel  driven  by 
a  pinion  on  the  motor  shaft.  One  end  of  this  shaft  operates  an 
air  pump,  which  maintains  a  pressure  in  the  fuel  tank,  and  at  the 
other  end  an  eccentric  mounted  on  a  small  countershaft  works 
the  water  pump. 

With  regard  to  engines  having  three  cylinders  at  120°  one  to 
the  other,  the  K^eheur  motor  (Figs.  ()2,  63,  p.  87)  haa  three  double- 
acting  cylinders  radiating  round  a  frame  of  triangular  section  A, 
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which  acts  as  a  common  steam-chest  to  them.  Distribution  is  by 
three  slide  valves  governed  by  a  cam  C  keyed  on  the  motor  shaft  V. 
Each  piston  rod  {nee  D),  guided  by  the  frame  Q,  carries  a  frame  E, 
in  which  slides  the  crank  pin  M,  itself  fixed  in  a  pinion  G,  which 
is  thus  compelled  to  turn.  The  three  pinions  G  gear  with  the  co;;- 
wheel  R,  forming  the  Hy-wheel  keyed  on  the  motor  shaft 

The    Simpson  and  Bodman  three-cylinder  single-action,  direct, 


Fig,  66.— NfeoEi  Steam  Motor, 

reversible  motor  has  but  one  crank,  and  the  cylinders  are  inclined  at 
120^  to  one  another  (Figs.  64  and  65,  pp.  88  and  89).  The  metals  used 
in  constructing  it  are  aluminium,  cast-iron,  and  phosphor-bronze,  the 
wrought  work  being  of  mild  steel ;  the  cylinders  and  pistons  are  of 
stet'l.  Admission  is  eftccted  by  simple  mushroom  valves  with  spring- 
loaded  steins  reciprocated  by  means  of  a  cam  turned  on  a  sleeve 
mounted  on  the  main  shaft ;  upon  this  sleeve  is  another  cam.  By 
moving  this  sleeve  in  an  axial  tlireetion  direct  and  reverse  rotation 
are  obtained,  and  for  an  intermediate  position  the  motor  stops,  the 
valves  then  being  seatc<!.     The  exhaust  is  led  to  a  feed  tiink  or  passes 
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off  as  invisible  gas  up  the  funnel.  As  there  ure  no  glands  in  the  motor, 
superheated  steam  can  be  used  with  advantage.  The  admission 
valves  also  are  safety  valves,  as,  should  water  enter,  the  valves  simply 
lift.  The  following  are  the  letter  references  in  Figs.  64  and  65  :  A  is 
tho  ca.sing ;  B,  bearing  and  water  jacket  ;  C,  reversing  cover  ;  D, 
cylinder ;  E,  piston  ;  F,  connecting  rod ;  G,  crank  and  shaft ;  H,  cam ; 


I,  reversing  spindle;  J,  reversing  action;  K.cnm  rod;  L,  valve  and 
stem ;  M,  steam  connections  ;  N,  governor ;  O,  exhaust ;  P.  driving 
pinion :  Q,  atta.chment  to  vehicle ;  and  R,  spur  wheel  bearing.  The 
complete  motor,  with  gear  case,  etc.,  as  fitted  on  a  3-ton  to  5-ton 
luny,  weighs  but  100  kg.  (2  cwt.),  and  the  power  is  8i  brake  horse- 
power at  a  .steam  pressure  of  7  kg.  per  cm-.  (100  lb.  per  sq.  in.),  and 
a  spee<l  of  500  revolutions  per  minute.  Its  running  is  exceptionally 
KH-ady.  Tlie  Simpson  and  Bodman  lurry  has  two  such  motors,  one  on 
i-aeh  side,  each  actuating  its  own  driving  wheel,  and  they  have 
nothing  in  common  except  the  steam  and  exhaust  pijK's. 

In  the  Ntgrc  motor,  as  shown  by  Figs.  (iU   to  G8,  the  four 
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cylinders  are  arranged  in  form  of  a  cross  The  four  single-action 
pistons  have  their  opposite  rods  extended  and  connected  by  an 
elliptic  frame  {see  Fig.  68).  The  two  frames  fit  a  roller,  the  axle 
of  which  is  an  eccentric  pin  fixed  to  the  motor  shaft.  Distribution 
is  by  two  flat  slide  valves  worked  by  a  single  eccentric.  When 
admission  begins  behind  one  piston,  and  exhaust  begins  behind  the 
opposite  one,  the  two  other  pistons  are  at  the  middle  of  their 
stroke.  Consequently  there  are  not  any  dead  points,,  and  the  action 
of  the  motor  on  the  shaft  is  more  regular.  Steam  is  admitted 
into  the  valve  chest  by  the  upper  tube  (Fig.  66) ;  and  having  done 
its  work,  it  escapes  into  a  channel  communicating  with  the  pipe  to 
be  seen  low  down  to  the  right  in  Fig.  66.  When  the  reversing 
gear  lever  is  moved  from  one  extreme  position  to  the  other,  the 
valves  slide  on  their  plate  and  reverse  the  distribution-  The 
intermediary  positions  correspond  to  variations  of  expansion,  and 
the  middle  position  to  stoppage.  A  Negre  motor  with  pistons  of 
10  cm.  (4  in.)  diameter  and  6  cm.  (24  in.)  stroke,  fed  by  steam  at 
10  kg.  per  cm.2  (142  lb.  per  sq.  in.),  gives  8  h.p.  at  200  revolutions 
per  minute ;  with  steam  at  15  kg.  per  cm.s  (213  lb.  per  sq.  in.),  it 
gives  12  h.p.  at  400  revolutions  per  minute;  and  from  15  h.p.  to 
20  h.p.  at  1,000  revolutions  per  minute. 

The  Reading  steam  motor  is  another  American  construction. 
The  5f  h.p.  motor  has  four  single-acting  vertical  cylinders  cast  in 
one  piece,  the  bore  being  6*35  cm.  (2*5  in.)  and  the  piston  stroke 
8*9  cm.  (35  in.).  Two  pistons  work  on  the  ends  of  one  crank-shaft 
and  two  others  on  a  separate  crank-shaft;  these  two  shafts  revolve 
in  the  same  direction,  and  each  carries  a  spur  wheel  meshing  with 
a  common  spur  wheel  on  a  cross  shaft,  which  chain  drives  the  live 
rear  axle.  All  four  cranks  are  at  90°  from  one  another.  The  rotary 
valve  gearing  is  placed  on  the  cylinder  covers,  and  the  horizontal 
valve  disc  is  rotated  by  a  spur  wheel  carried  on  the  end  of  a 
vertical  shaft,  which  is  driven  through  two  mitre  wheels  by  the 
main  shaft  of  the  motor ;  the  valve  revolves  at  one-third  the  speed 
of  the  crank-shaft,  and  the  ports  provide  for  a  fixed  cut-off  at 
live-eighths  of  the  stroke.  The  reversing  gear  is  an  ingenious 
arrangement  of  links  between .  a  sliding  sleeve  on  the  valve  shaft 
and  the  spur  wheel  that  drives  it.  The  5f  h.p.  is  developed  at  a 
steam  pressure  of  17*5  kg.  per  cm."  (250  lb.  per  sq.  in.),  and  at  a 
speed  of  960  revolutions  per  minute. 
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A  larger  type  of  Heading  motor  shows  a  few  improvements  on 
the  above.  Roller  bearings  replace  the  plain  bearings.  The  horizontal 
valve  is  replaced  by  a  vertical  one.  driven  in  the  same  manner  as 
before,  consisting  of  a  large  iron  cylinder  provided  with  the  necessary 
ports,  and  fitting  into  a  brass  sleeve,  which  is  forced  down  into  place 
between  the  four  cylinders.  The  steam  inlet  and  the  exhaust  pipe 
are  connected  with  it  through  the  main  casing.     A  new  reversing 


gear  is  obtained  by  cntting  in  two  the  vertical  shaft  that  drives 
the  valve,  and  then  fitting  a  bevel  gear  to  the  two  ends  thus 
formed;  a  third  bevel  wheel  is  placed  in  mesh  with  this  neU- gear, 
and  is  rocked  about  the  axis  of  the  vertical  shaft.  This  avoids 
much  back  lash,  and  gives  simpler  construction. 

The  Gardner- Serpol let  superheated  steam  motor.  Fig.  6!),  has  four 
single-acting  cylinders  arranged  in  two  pairs  facing  each  other.  It 
is  of  utterly  different  construction  from  ordinary  steam  motors ;  in 
fact,  its  design  resembles  more  that  of  a  petrol  motor.  The  facing 
cylinders  work  upon  common  crank  pins,  the  two  crank  pins  being 
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at  right  angles  to  each  other,  so  avoiding  all  dead  centres  and  allow- 
ing the  motor  to  start  in  either  direction  whatever  may  be  the 


FigB.  70  anil  71.— Elevation,  Plak,  and  Sbctioss  of  Sewollet  Motoh, 

position  of  the  crank-shaft.  The  high  temperature  of  the  super- 
heated steam  precludes  the  use  of  stuffing  boxes,  and  the  ordinary 
slide  or  piston  valves  have  been  replaced  by  mushroom  or  poppet 
valves   resembling   those   used  on  petrol  motors.     A  feature  of  the 
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motor  is  a  special  central  composite  cam,  spur-driven  from  the  crank 
shaft,  which  opens  both  the  steam  inlet  and  exhaust  valves  against 
the  action  of  springs;  the  cam  can  be  slid  in  the  direction  of  its  own 
length  along  its  shaft  so  as  to  (1)  vary  the  cut-off,  that  is,  the 
moment  of  closing  the  inlet  valves  durir^  the  forward  stroke  of  the 
piston ;  (2)  cease  to  open  inlet  and  exhaust  valves ;  (3)  open  the  valves 
at  such  petiods  when  the  position  of  the  crank-shaft  shall  cause 
rotation  in  the  opposite  direction.  The  valve  gear  is  described  in 
detail  below. 


Fig.  73. — Sbctionai,  Plah  c 


Fig.  70  is  partly  a  side  elevation  of  the  Gardner-Serpollet  motor 
and  partly  a  vertical  section  taken  through  the  axis  of  a  cylinder  and 
admission  valve ;  Fig.  71  is  a  plan  and  part  horizontal  section  ;  Fig. 
72  is  an  end  elevation ;  and  Fig.  73  is  a  sectional  plan  of  the  admis- 
sion and  exhaust  valves  of  two  of  the  cylinders,  the  path  of  the 
steam  from  the  inlet  pipe  to  the  exhaust  pipe  being  indicated  by 
arrows.  The  high-pressure  superheated  steam  from  the  boiler  (see 
p.  ()4)  enters  at  A  and  exhausts  at  B  or  C  after  use  in  the  cylinders  D  : 
the  pistons  are  shown  at  Z.  From  the  inlet  A  the  steam  passes  into 
the  valve-box  E,  in  which  are  the  admission  valves  F,  held  on  their 
Beats  by  the  steam  pressure  and  by  springs,  G ;  they  are  opened  more 
or  less  by  means  of  the  central  multiple  cam  H,  acting  through  rollers 
J  and  slide  rods  L  on  the  valve  rods  N,    As  soon  as  one  of  the 
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admission  valves  F  is  open  the  steam  passes  to  the  corresponding 
cylinder  through  one  of  the  passages,  P,  and  returns  by  the  same 
passage  after  expansion  has  taken  place  and  the  piston  has  begun  its 
return  stroke.  The  exhaust  portions  of  the  cam  H  act  consecutively 
through  rollers,  K,  and  sliding  rods,  M,  upon  the  rods  O  of  the 
exhaust  valves  Q,  which  open  until  the  piston  has  reached  a  certain 
point  in  the  return  stroke,  when  the  cam  H  having  rotated  sufficiently 
allows  the  exhaust  valves  Q  to  close  under  the  action  of  the  steam 
pressure  and  springs  R,  and  the  steam  remaining  in  the  cylinder  is  thus 
compressed.  Between  each  valve  rod  N  O  and  the  cam  H  are  the  sliding 
rods  L  M  ;  one  end  of  these  is  forked  and  carries  a  roller,  J  K,  whilst 
the  other  end  carries  a  set  screw,  S  T,  whose  effective  length  can  be 
varied  and  fixed  by  jneans  of  a  lock-nut,  U  V,  so  as  to  take  up  all 
wear  likely  to  arise  and  ensure  perfect  contact  at  all  times  between 
the  cam  and  rollers,  and  between  the  sliding  rods  and  valve  rods.  In 
this  description  the  letters  G,  J,  L,  N,  P,  S  and  U  refer  to  the  inlet 
valve  gear,  and  the  letters  K,  M,  0,  Q,  R,  T  and  V  refer  to  the  exhaust 
valve  gear. 

The  distribution  cam  H  is  above  the  oil  bath,  and  its  axis  is  in  the 
same  vertical  plane  as  that  of  the  motor  shaft ;  this  cam  has  on  each 
side  as  many  intermediate  cylindrical  stopping  surfaces  as  there 
are  rollers  on  that  side ;  the  rollers  J  K  bear  on  the  surfaces  when 
the  motor  is  stopped,  and  are  then  each  in  a  depression  between  two 
opposite  inclines,  which  terminate  in  cylindrical  surfaces  correspond- 
ing to  the  maximum  admission  and  exhaust.  The  cam  H  is  in  one 
piece  with  a  square  shaft,  W,  which  may  be  slid  in  either  direction  of 
its  length  by  means  of  a  forked  lever  operated  by  hand,  or  by  the 
motor  governor,  so  as  to  alter  simultaneously  and  equally  the  positions 
of  the  admission  and  exhaust  valves.  On  the  end  of  shaft  W  is  a 
toothed  wheel,  X,  engaging  wdth  a  wheel  of  the  same  diameter,  Y, 
keyed  to  the  shaft.  (This  is  much  better  shown  in  the  reproduced 
photograph,  Fig.  69.)  The  relative  positions  of  these  two  wheels  may 
be  altered  by  moving  X  forwards  or  backwards — for  example,  by  one 
tooth — in  relation  to  wheel  Y,  so  as  to  cause  an  earlier  or  later 
admission  and  exhaust.  The  shaft  W  is  driven  by  the  crank-shaft 
through  the  toothed  wheels  X  Y,  and  can  slide  freely  through  X  and 
through  a  bush  mounted  in  the  frame  at  the  other  side. 

Steam  motors  with  six  cylinders  may  have  brief  mention.  Certain 
SerpoUet  motors  had  six  cylinders  instead  of  two  or  four.     In  a 
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Clarkson-Capel  8  h.p.  motor  there  were  six  single-acting  cylinders, 
50  mm.  (1*97  in.)  in  diameter,  and  150  mm.  (5*9  in.)  stroke.  The  mul- 
tiplicity of  cylinders  gave  such  great  regularity  of  working  that  the 
engine  could  dispense  with  a  fly-wheel,  and  the  cranks  were  so  accurately 
balanced  that  the  motor  could  run  full  speed  "merely  suspended 
from  a  cord."  Distribution  and  reversion  were  accomplished  by 
slides  and  eccentrics.  The  engine  was  fed  by  water,  largely,  from 
the  tubular  condenser,  315  mm.  (124  in.)  long,  to  which  spiral 
wire  rings  were  attached,  to  act  as  radiators ;  besides  these,  the  con- 
denser was  cooled  constantly  by  a  fan.  The  six-cylinder  engine 
is  reported  to  have  run  in  the  workshop  for  24  consecutive  hours, 
losing  less  than  22  1.  (39  pt.)  of  water.  It  is  not  known  whether 
this  motor  was  ever  used  on  a  road  vehicle;  it  is  not  of  the  type 
in  use  on  modern  Clarkson-Capel  cars,  light  or  heavy. 

Alternating  double-expansion  motors  with  two  cylinders  are 
represented  by  the  de  Dion-Bouton,  Gillett,  Liquid  Fuel  Engineering 
Company's,  and  by  some  more  modern  motors,  include  the  Thorny- 
croft.  In  the  de  Dion-Bouton  motor  the  two  cylinders  are  hori- 
zontal, one  on  each  side  of  the  longitudinal  axle  of  the  car,  and  the 
cranks  are  geared  at  90"  to  assure  regularity  of  working  and  to 
facilitate  starting.  A  special  "  recovering  "  valve  allows  steam  to 
be  admitted  into  the  large  cylinder  when  an  extra  effort  is 
needed.  In  some  of  these  motors  expansion  is  uniform  by  25 
per  cent,  and  in  these,  by  acting  on  the  steam  valve,  admission 
and  work  are  made  to  vary.  Most  of  those  now  constructed  have 
a  normal  rate  for  admission  of  75  per  cent.,  but  this  can  be  varied 
by  the  Walschaert  slide.  All  the  moving  piu'ts  of  the  motor  are 
enclosed  in  a  cast-iron  gear-case,  which  acts  as  a  frame,  lubrication 
then  being  simply  effected  by  shaking.  For  purposes  of  inspection, 
two  large  sides  and  a  lid  can  be  removed  from  the  case. 

In  the  Motor  Omnibus  Syndicate's  Gillett  motor,  of  the  steam- 
hammer  type,  with  reversing  gear,  the  cylinders  are  respectively 
of  100  mm.  (3'9  in.)  and  200  mm.  (7  8  in.)  diameter ;  their  common 
stroke  is  125  mm.  (49  in.),  and  the  motor  makes  600  revolutions 
per  minute  at  a  speed  of  12  miles  per  hour.  It  drives  an  omni- 
bus with  25  seats,  and,  for  starting,  the  steam  can  be  admitted 
directly  into  the  large  cylinder. 

The  Liquid  Fuel  Engineering  Co.*s  (Lifu)  motor  had  two  hori- 
zontal  cylinders.      The  cranks,    slides,  connecting   rods,  eccentrics, 
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and  pump-gear  work  in  boxes  half  filled  with  oil,  into  which  water 
cannot  enter  from   the  cylinder.     The   method  of  distribution,  by 


Fig.  74,— LlFD    HoBlIONTAL   COMPOUND   StEAM   MoTOH. 

means  of  eyhndrio  slide  valves,  is  clearly  illustrated   by  Fig.  7+. 
The  Thomycroft  patent  steam  motor,  shown  in  section  by  Fig.  75, 
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is  horizontal,  compound,  and  reversing.      Its  cylinders  are  1016  cm. 
(4  in.)  and  178  cm.  (7  in.)  in  diameter  by  127  cm.  (5  in.)  stroke,  with 
constant  lead ;  the  special  radial  valve  gear  permits  of  any  degree 
of  linking  up.     A  motor  having  these  dimensions  propelled  a  2J-ton 
wa^on  and   a  5-ton   lurry   at   the   Liverpool   heavy   vehicle   trials 
of  1898.     The   two   cut-off  notches   are   at  five-eighths  and  seven- 
eighths  of  the  stroke.     The    lubrication    is  by  the  splash  method, 
the  whole  mechanism  being  en- 
closed in  an  oil-tight,  dust-proof 
easing,    in     which,    however,    all 
parts  are  readily  accessible.      The 
exhaust  passes  through  the   feed- 
water   heater,   and   thence   to   the 
smoke-box,   in   which    is  a   spark 
arrester ;   the  draught   created   by 
the    exhaust    draws    all    the    flue 
gases   through   the  arrester.     The 
engine  is  said  to  have  a  power  of 
30   h.p,    at    500    revolutions    per 
minute. 

Of  alternating  double-expan- 
sion motors  with  three  cylinders, 
the  Bourdon-Weidknecht  motor  is 
a  type.  This  is  a  three-cylinder 
compound  motor  for  service  in 
an  omnibus  having  30  seats.  The 
motor  has  two  extreme  admitting 
cylinders,  with  cranks  keyed  at 
W.  and   a  reducing    valve    with 

1,      *    into   ^        L  J-  ■  V'g-  7S.— THObLViCHct-r   HoKii;o.s-TA(. 

a  crank  at  136    to  the  precedmg.  co-porNt.  Sr^A-  m..t«k. 

The    distributor,    with    reversing 

gear  and  variable  expansion,  gives  an  admission  of  from  10  to 
87  per  cent.  This  motor  develops  nominally  25  h.p.,  and,  excep- 
tionally, 30  and  even  35  h.p.  About  1  h.p.  must  be  reckoned  for 
every  passenger  to  be  sure  of  starting  and  running  along  the  rising 
gradients  of  from  5  to  7  per  cent,  at  a  speed  of  from  8  km.  to 
12  km.  (5  to  7-5  miles)  per  hour.  For  25  h.p,  the  consumption  is 
about  3  kg.  of  coke  and  from  18  1.  to  22  1.  of  water  per  km. 
(10-6  lb.  coke  and  from  52  pt.  to  63  pt.  water  per  mile).  For  nn 
H  2 
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omnibus  with  16  seats  BourdoD  and  Weidknecht  abandoned  the 
compound  system,  employing  instead  a  motor  with  equal  cylinders. 
The  Coulthard  steam  motor  and  transmission  gear,  forming  one 
mechanism,  is  illustrated  in  side  elevation  by  Fig.  76,  and  in  part  plan 
and  in  part  horizontal  section  by  Fig.  77.  The  transmission  gear  is 
described  on  p.  365.     The  motor  is  of  the  compound,  link-reversing 


gear  pattern,  claimed  to  develop  25  brake  horse-power  at  the  noniml 
speed  of  450  revolutions  per  minute.  The  cylinders  are  95  chi.  and 
17*7  cm.  (3J  in.  and  7  in.)  in  diameter,  and  the  stroke  is  15-2  cm. 
(6  in.).  Only  one  cover  is  used  for  bo'th  cylinders  and  piston  valves, 
this  cover  serving  also  as  the  receiver,  whilst  8up|Kirting  the 
iiiulliplter  which  is  used  for  admitting  live  steam  to  the  low-pressure 
cylinder ;  the  exhaust  from  the  high-pressure  cylinder  is  diverted  to 
the  atmosphere.     The  Coulthard  multiplier  also  serves  as  a   relief 
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valve,  thus  preventing  damage  through  water  accumulating  in  the 
cylinders.  Stuffing-boxes  are  not  used.  The  steam  r^fulator  is  a 
balanced  valve  attached  to  the  high-pressure  cylinder  steam  chest 


Kg.  7S.— Section  of  Pioneer  Steam  IIotrr. 

The  Pioneer  steam  lurry  employs  two  motors,  one  high  pressure 
and  the  other  fed  with  the  exhaust  low-pressure  steam  from  the 
former.      Both   have  practically   the   same- '  construction,   which    is 
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worthy  of  attention,  and  each  is  connected  through  a  vertical  shaft 
and  bevel  gearing  to  one  of  the  front  road  wheels.  These  wheels 
thus  are  driven  each  by  an  independent  motor,  the  rear  wheels 
being  the  steering  wheels  and  arranged  on  the  Ackermann  system. 
The  section  (Fig.  78)  of  the  low-pressure  engine  shows  the  construction 
of  both  the  motors.  A  casting  (A)  forms  four  vertical  single-acting 
cylinders  (Ai),  parallel  to  and  equidistant  from  each  other.  The  four 
pistons  A-  have  connecting  rods  A^  with  ball  and  socket  joints  at 
each  end,  as  shown  clearly.  The  lower  ends  of  the  pistons  are 
connected  with  a  *'  wobble "  gear  D,  which  comprises  two  bevel 
gear  wheels  D^  and  D^  in  one  piece,  which  is  turned  out  centrally 
on  its  under  face  to  receive  the  upwardly  projecting  shaft  D^,  and 
to  form  a  ball  socket.  It  is  supported  by  ball  F^  fitting  in  the 
socket,  and  by  shaft  1)^^  carried  in  bracket  K.  This  bracket  revolves 
freely  about  a  central  downwardly  projecting  sleeve,  a  part  of  the 
main  casting  A ;  and  through  the  centre  of  the  sleeve  is  the  valve- 
operating  shaft  G.  The  reciprocating  motions  of  the  cylinder 
pistons  give  a  gyratory  motion  to  the  gear  piece  D,  and  the  gear 
wheel  D^  meshes  with  a  horizontal  gear  ring  E,  having  teeth  on 
its  upper  side  fixed  to  the  lower  casing  C  of  the  motor.  The 
periphery  of  wheel  D^  rolls  round  the  fixed  ring  E  in  such  a 
manner  that .  a  few  of  its  teeth  are  always  in  mesh  with  a  few 
corresponding  teeth  in  the  fixed  toothed  ring.  As  D^  and  E  have 
the  same  number  of  teeth,  the  '*  wobble  "  piece  D,  operated  by  the 
connecting  rods,  is  prevented  from  rotating  about  the  vertical  centre 
line  of  the  motor.  The  energy  is  transmitted  from  the  gyrating 
parts  to  the  vertical  main  driving  shaft  F^,  which  is  carried  down- 
wards with  its  axis  central  with  the  motor.  A  special  speed-reducing 
gear  is  placed  between  the  gyrating  shaft  and  the  vertical  driving 
shaft;  the  upper  end  of  the  last-named  forms  the  ball  F^  upon 
which  the  gear  piece  D  is  universally  socketed.  Power  from  the 
gyrating  wheel  D^  is  transmitted  to  the  driving  shaft  by  bevel 
wheel  F  solid  with  the  shaft.  In  this  *'  seeking-tooth "  type  of 
gear  the  resulting  speed  of  the  vertical  driving  shaft  is  the  diiference 
between  the  number  of  teeth  in  two  gear  wheels ;  wheel  D^  having 
42  teeth  and  wheel  F  only  39 ;  the  speed  reduction  is  in  the  ratio 
of  14  to  1. 

The  engine  valves  J  are  of  the  slide-valve  type,  work  on  hori- 
zontal- faces  above  the  cylinders,  and  are  operated  by  an  eccentric, 
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H,  carried  on  the  vertical  shaft  G,  which  passes  down  between  the 
four  cylinders,  and  is  driven  by  the  gyrating  shaft  D*,  through  the 
cranlc  shown  in  Fig.  78.     The  cut-off  can  be  varied  from  zero  to  three- 
fourths,  and  the  valves  are  given  a  forward  or  backward  lead  by  raising 
or  lowering  an  internal  shaft  G^  which  projects  through  the  top  of  the 
motor  casing,  and  slides  inside  the  shaft  G.     This  internal  shaft  is 
connected  to  the  eccentric  block  by  a  cross-pin  G^,  which  moves  in 
a  diagonal  slot  in   the  eccentric,  to  which  is  so  given  a  variable 
eccentricity.      The  eccentricity  gradually    is    reduced    to    nil,   and 
then  increased   to  maximum  on   the  opposite  side  of  the  shaft  G 
by  raising  or  lowering  the  sliding  shaft  G^.     There  are  two  motors, 
remember,   and   their  sliding    shafts    G^   are   interconnected   so   as 
nominally   to  be  operated  simultaneously  by  the  driver,  who  can 
vary  the  cut-off  from   maximum   forward  to   maximum   backward 
by  means  of  a  horizontal  pedal,  fulcrumed  at  its  centre,   one  foot 
being  placed  on  each  end;  the  pedal  lies  across  the  car.     The  four 
steam-jacketed    cylinders  of   the  high-pressure    motor  are    7*6  cm. 
(3  in.)  bore  and  11*4  cm.  (4*5  in.)  piston  stroke.     In  the  low-pressure 
motor  the  four  cylinders  are  of  12  cm.  (4*75  in.)  bore  and  114  cm. 
(4*5  in.)  piston  stroke,  and   are  not   jacketed.      The  vertical  slow- 
speed  driving  shafts   of  the  two  motors  are  connected  by  "lathe 
carrier"   type   flexible   couplings    to    other    vertical    shafts    imme- 
diately beneath  and  in  line  with  them ;  the  latter  are  carried  in  long 
bearings  in  the  fixed  axle,  and  are  fitted  with  bevel  wheels  which 
mesh  with  larger  bevel  wheel  rings  secured  to  the  front  road  wheels. 
The  flexible  coupling  allows  the  axle  to  rise  or  fall  to  the  extent 
pennitted  by  the  semi-elliptic  springs  which  support  it,  and  each 
wheel    is    thus    driven    independently  by  a    separate    motor,    and 
diflerential  gear  is  dispensed  with. 

As  regards  rotary  motors,  it  may  be  remarked  how  rational  would 
bo  their  application  to  automobiles,  and  the  endeavours  made  by 
some  constructors  to  realise  this  idea  cannot  but  meet  with  approval. 
Experiments  have  resulted  in  the  invention  of  interesting  types  of 
rotary  motors  for  road  use,  but  these,  unfortunately,  have  not  yet 
given  satisfaction  in  practice.  Gauthier  and  \Vehrl6  studied  a  rotary 
engine  in  which  distribution  is  accomplished  by  aid  of  a  palette  which 
the  steam  (or  gaseous  mixture)  presses  against  the  cylinder,  acting 
as  a  piston.  To  run  with  gas,  two  of  these  motors  are  coupled,  the  first 
sucking  in  the  mixture  and  forcing  it  after  compression  into  the  second. 
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The  Compagnie  Gen^rale  des  Automobiles,  of  which  M.  Trioulejre 
is  director,  built  a  steam  omnibus,  which  is  driven  by  a  rotary 
epicycloidal  motor  (A.  G.  system),  represented  by  Figs,  79  to  82. 
Three  discs  D  are  keyed  eccentrically  in  B,  on  the  motor  shaft,  and, 
under  pressure  of  steam,  rotate  a  cylindrical  drum :  in  this  move- 
ment any  point  of  one  of  the  discs  describes  an  epicycloid,  whence 
the  term  epicycloidal  applied  to  the  motor.  Fig.  79  corresponds 
to  the  period  of  admission  for  the  compartment  under  consideration ; 
the  inclination  of  the  hemi-spherical  cap  H,  which  is  followed  along 
half  its  circumference,  allows  the  steam  coming  from  orifice  E,  through 
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Fig.  80._GEiuiin  MoTOB : 

MoTOH :   AnniMioN  Pbkiod. 

EiPAiisios  Period. 

the  slide  valve  G,  to  enter  the  cylinder,  where  it  forces  the  disc  D 
to  roll  on  the  cylinder.  When  the  disc  reaches  the  lower  part  of 
the  cylinder  the  solid  part  of  the  cap  H  shuts  off  the  steam ;  then 
admission  ceases,  and  e.Kp:insion  begins  {see  Fig.  MO).  When  the 
piston  disc  is  in  the  position  of  Fig.  81,  the  orifice  F  begins  to 
uncover,  and  this  is  the  beginning  of  the  exhaust  period.  With  a 
motor  of  this  kind  all  speeds  intermediary  between  CO  and  24,000 
revolutions  per  minute  were  obtained.  The  possibility  of  ninning 
at  a  slow  rate  allows  great  simplification,  if  not  the  entire  .suppression, 
of  the  trains  of  reducing  gear  generally  needed  with  rotarj'  motors. 
Consumption  of  steam  at  the  first  trials  was  less  than  25  kg.  {55  lb.) 
per  horse-power  hour.  In  further  explanation  of  the  motor, 
particular  attention  is  directed  to  the  two  vertical  sections  (Figs. 
81    and    82),      In    these   figures   A   A  are   partitions   dividing    the 


STEAM  MOTORS    FOR    AUTOMOBILES.  105 

cylindrical  body  into  three  compartments,  each  reserved  for  a 
pistoa  disc  D :  the  projections  B  on  the  motor  shaft  keyed  at 
120'  from  each  other,  and  acting  as  cranks  for  the  piston  discs, 
with  hall  bearings  to  lessen  friction ;  eccentric  piston  discs  D 
on  the  motor  shaft  are  caused  to  roll  in  the  cylindrical  drums,  where 
they  are  housed ;  E  F  are  admission  and  exhaust  orifices  for  steam ; 
distributing  valves  are  shown  at  G ;  jointed  caps  are  shown  at  H, 
and  these  regulate  expansion  by  the  inclinations  they  acquire  by 
following  the  movements  of  discs  D ;  L  L  are  segment  stops  to  close 


Figs.  81  and  82. — Vbutical  Sectiohh  of  (tihakd  Uotauv  Stbam  Motor. 

the  space  between  the  sides  of  the  discs  and  the  partitions  or  the 
cylinder  ends ;  along  the  part  where  the  discs  roll  f^ainst  the 
cylinder  a  close  tit  is  obtained  by  the  steam  pressure  on  the  discs ; 
R  R  are  springs  pressing  the  segment  stops  L  L  against  the  partitions 
and  ends  of  cylinder. 

The  Arbel-Tihon  rotary  motor,  exhibited  at  the  Tuileries,  Paris, 
in  1898,  is  illustrated  in  sectional  elevation  by  Fig.  83  ;  the  following 
description  of  it  is  by  R  Soreau.  The  body  of  the  pump  is  a  horizontal 
cylinder  surmounted  by  a  cap  in  which  is  the  valve  gear.  The  piston 
is  fonned  first  of  another  cylinder  of  same  length  guided  so  as  to 
roll  on  the  pump  barrel ;  in  this  way  the  cylinder  surrounds  two  cams 
fixed  on  the  motor  shaft ;  second,  a  partition,  which  forms  one  with 
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the  movable  cylinder,  and  slides  in  a  knee  placed  at  the  base  of  the 
cap.  Two  cocks  are  placed  symmetrically  with  regard  to  the  knee,  one 
for  admission  and  the  other  for  exhaustion,  both  being  worked  by  the 
same  handle,  so  that  when  one  is  opened  the  other  is  shut  and  the 
direction  is  reversed.  Under  pressure  of  steam  the  advance  of  the 
piston  cylinder  through  the  agency  of  the  connecting  rods  causes 
the  two  cams  to  advance  and  consequently  the  motor  shaft  to 
rotate.  The  joints  are  made  tight  with  cork  plugs  driven  with 
great  pressure  into  pockets  so  as  to  be  flush  w^ith  the  sides  of  the 
piston.  These  plugs  swell  from  moisture  of  the  steam,  and  are  said 
to  form  good  joints  with  very  slight  friction.  A  single  lubricator 
suflSces  for  all  the  surfaces.  A  140-kg.  (308  lb.)  motor  gives  6  h.p. 
on  the  shaft  with  steam  at  10  kg.  per  cm.^  (142  lb.  per  sq.  in.) 

De  Lambilly  exhibited  at  the  Tuileries,  Paris,  in  1899  a  rotary  motor 
characterised  by  simultaneous  working  of  two  palettes,  which  drive 
the  motor  shaft  by  aid  of  a  ring  keyed  on  it,  one  of  the  palettes 
being  worked  outside  the  ring,  whilst  the  other  is  inside.  Distribu- 
tion and  reversing  are  accomplished  by  oscillation  in  one  direction 
or  the  other  of  a  disc  furnished  with  a  handle  and  perforated  with 
two  holes  which  come  into  communication  with  the  ports  in  the  end 
of  the  motor  for  admission  and  exhaust  Tight  joints  are  assured 
by  regulating  the  cylinder  (inside  which  the  piston  ring  turns)  in 
a  vertical  direction,  and  the  piston  ring  horizontally,  and  by  the  action 
of  springs  pressing  the  movable  segments  of  the  palettes  against 
the  sides  of  the  cylinder.  The  work  done  by  the  type  exhibited  is 
theoretically  9  kgm.  per  revolution  at  per  kg.  of  pressure  per  cm.^,  this 
being  equivalent  to  65  ft.-lb.  at  a  pressure  of  14  lb.  per  sq.  in. ;  the 
motor  easily  could  make  1,500  revolutions  per  minute  and  give  8  h.p. 

A  few  general  considerations  with  regard  to  steam  motors  may 
now  be  stated.  Simplicity  is  all-important  The  compound 
system  should  be  reserved  for  heavy  cars,  because  multiple  expan- 
sion has  not  any  appreciable  effect  except  for  powerful  engines. 
It  is  estimated  that  only  with  a  motor  having  a  minimum  of 
15  h.p.  does  the  economy  caused  by  the  better  utilisation 
of  water  compensate  for  the  increase  in  weight  and  the  expense  of 
a  second  cylinder.  Lencauchez  rightly  recommends  superheating 
the  cylinder  jackets  by  a  current  of  high-pressure  steam.  He 
also  demonstrated  that  condensation  of  steam  is  not  essential  to 
obtain  a  minimum  consumption,  and  therefore  it    is   not    to    be 
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greatly  regretted  that  the  water  condenser,  owing  to  the  amount 
of  water  it  consumes,  cannot  be  employed  for  automobiles.  On 
the  other  hand,  the  air  condenser  should  be  adopted,  because  the 
water  can  be  utilised  a 
second  time,  and  it  in- 
creases the  distance  that 
can  be  run  without  new 
suppliea  This  point  has 
a  greater  importance  when 
it  is  remembered  that  it  is 
necessary  to  obtain  water 
o{  a  suitable  quality  to 
avoid  scale.  A  condenser 
must  be  lubricated  with 
mineral  oil,  as  any  other 
is  saponiKed,  especially  at 
high  pressures,  and  the 
organic  acids  liberated 
corrode  the  tubes.  Even 
mineral  oil  must  not  be 
allowed  to  enter  the  boiler 
in  any  considerable  quan- 
tity, because  if  it  spread 
over  the  sides  there  would 
be  ft  risk  of  fira  Improve- 
ments are  to  be  desired,  for  Fig.  83.— Abbkl-Twos  Rotaht  Steak  Motor. 

though   the    steam  motor 

already  has  had  a  long  career,  its  efficiency,  as  shown  on  p.  806,  is 
very  limited.  A  de  Dion-Bouton  motor  of  from  25  to  SH  h.p.,  to 
give  the  automobile  a  speed  of  18  km.  (11-2  miles)  per  hour,  con- 
sumes per  horse-power  hour  1-5  kg.  (33  lb.)  of  coke,  and  9  kg. 
(20  lb.)  of  steam,  the  latter  being  at  a  pressure  of  7  kg.  per  cm.* 
(100  Ih.  per  sq.  in.). 

'Vhe  only  great  pn^ress  which  can  be  expected  is  the  construction 
of  a  practicable  rotary  motor.  The  steam  turbine  is  not  applicable 
to  automobile  service  because  its  efficiency  is  only  good  at  an 
exceedingly  high  speed,  and  this  would  necessitate  the  employment 
of  very  heavy  reducing  gear,  which  would  absorb  much  of  the  work 
and  lower  the  general  efficiency. 
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CHAPTER  V. 


CARBURETTERS  FOR  PETROL  MOTORS. 


A  CARBURETTER  is  employed  in  the  preparation  of  the  charge  which 
is  ignited  in  the  cylinders  of  certain  types  of  motors.  Nearly  all  of 
these  motors  ai:e  driven  by  petrol  spirit,  which  is  a  distillation  of 
crude  petroleum  obtained  between  70""  and  120°  C,  and  whose  density* 
that  is,  specific  gravity,  varies  from  0690  to  0735.  SynonjTnous 
with  petrol  spirit  are  "  petrol,"  "  light  oil,"  "  mineral  spirit,"  "  moto- 
car  spirit,"  "  moto-essence,"  and  "  moto-naphtha,"  and  American 
synonyms  are  gasoline  and  l^enzoline.  The  best  French  petrol 
spirit  has  a  density  of  0700  at  15''  C,  and  boils  at  90'  C.  In  any 
case  the  density  or  specific  gravity  should  range  from  0675  to  0710. 
English  petrol  spirit  has  a  density  of  0680  at  155°  C.  (60°  F.). 
The  following  table  gives  the  densities  of  English  petrol  spirit  at 
various  temperatures : — 

DENSITY   OF    PETROL   SPIRIT. 


1 

Temiierature. 

• 
X 

Temperature. 

CeiitigraOe.     Fahrenlieit. 
Degrees.          Degrees. 

Density. 

TemiM! 
Centigrade. 

iratwr«». 

Fahrenheit. 
,      Degrees. 

• 

Centigrade. 

1 
Fahrenheit. 

Degrees. 

s 

Degrees. 

Degrees. 

—1-1 

,          30 

•695  1 

10 

50 

•685 

211 

70 

•676 

0 

32 

•694 

11-1 

1         62 

•684 

22-2 

72 

•674 

M 

34 

•693  ' 

12^2 

64 

•683 

23-3 

74 

•673 

2-2 

36 

•692 

13^3 

66 

•682 

24^4 

76 

•672 

3-3 

38 

•691 

14^4 

68 

•681 

25-5 

78 

•671 

4-4 

40 

•690 

15-5 

60 

,   ^680 

26^6 

80 

•670 

b'b 

42 

689 

16-6 

62 

,  -679 

27-7 

82 

•669 

6-6 

44 

'   -688 

177 

64 

•678 

28-8 

84 

•668 

7-7 

i         46 

•687 

1       18-8 

66 

•677 

30 

86 

•667 

8^8 

48 

•686 

20 

68 

•676 

31  1 
32^2 

H8 
90 

•666 
•666 

If  the  petrol  spirit  tested  with  the  densimeter  is  not  at  a  tempera- 
ture of  15"  C.  (59'  F.),  add  or  deduct  from  the  indicated  density  as 
many  times  0*8  as  the  thermometer  records  degrees  above  or  below 
15°  C.     ThiLS  at  30'^  C.  (80'  F.)  add  12  (08  x  15  =  12),  and  at  minus 
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15'  C.  subtract  24  (0*8  x  30  =  24).  The  indications  of  the  densimeter 
are  not  absolutely  conclusive.  Spirits  made  by  mixing  extra  light 
benzolines  and  heavy  petroleums  can  be  brought  to  the  required  density 
and  yet  be  worthless  for  automobile  use,  because  in  the  carburetter 
the  more  volatile  parts  quickly  separate  from  the  others,  and  carbu- 
retting  soon  becomes  impossible.  A  good  spirit  is  made  by  rectifying 
and  purifying  with  sulphuric  acid  and  soda  the  distillate  of  crude 
petroleum  within  the  prescribed  limits  of  temperature  given  above. 
It  is  perfectly  clear,  with  a  mild  odour,  and  a  few  drops  poured  on  the 
palm  of  the  hand  rapidly  evaporate  without  leaving  any  residue. 
Even  when  of  good  quality  it  is  advisable  not  to  utilise  the  dregs, 
that  is  the  last  few  drops,  left  in  the  can.  Good  spirit  of  0*700  density 
costs  from  3|d.  to  4d.  per  1.  (Is.  3d.  to  Is.  5'3d.  per  gaL)  outside  Paris. 
Half  this  price  is  customs  duty.  In  Paris  l-99d.  per  L  (9d,  per  gal.) 
must  be  added  for  the  octroi  tax.  From  two  points  of  view  petrol 
spirit  is  greatly  inferior  to  petroleum.  It  is  more  expensive,  and  its 
volatility  is  a  permanent  danger  in  handling.  In  America,  where  as 
a  rule  the  bounds  of  prudence  are  not  very  carefully  respected,  the 
use  of  petrol  spirit  lamps  is  prohibited.  It  cannot,  then,  be  insisted 
on  too  much  that  automobile  drivers  should  handle  petrol  spirit 
cautiously  and  far  away  from  any  open  flame.  In  spite  of  this,  petrol 
spirit  is  preferred  to  the  heavier  petroleum,  for  the  three  following 
reasons.  With  it  failure  of  ignition  of  the  carburetted  mixture  is 
rarer,  its  combustion  leaves  very  little  residue,  and  fouls  the  motors 
much  less.  But  the  most  important  advantage  is  that  preparation  of 
the  carburetted  mixture  is  much  simpler  and  saf^r  with  petrol  spirit 
than  with  petroleum.  The  first  essential  of  an  automobile  motor  is 
simplicity.  Now  in  the  petroleum  motor  the  carburetter  is  some- 
times rather  complicated.  With  petrol  spirit,  the  explosive  mixture 
can  be  made  much  more  simply,  as  a  detailed  study  of  carburetters 
as  used  on  automobiles  will  demonstrate. 

To  be  explosive,  the  mixture  of  air  and  spirit  vapour  must 
be  made  in  certain  fixed  proportions.  If  to  one  volume  of 
vapour  is  added  from  8  to  10  volumes  of  air,  a  rich  gas,  like 
illuminating  gas,  is  obtained,  which  will  burn  without  exploding. 
To  have  an  explosive  mixture,  from  9  to  10  volumes  more  of 
air  must  be  added  to  the  mixture,  which  will  then  contain  from 
17  to  20  volumes  of  air  and  1  of  spirit  vapour.  In  many  car- 
buretters   the  spirit    vapoor    is    diluted    in    two    stages,   and,   in 
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consequence,  two  distinct  air  inlets  are  necessary.  The  rich  gas 
is  prepared  by  evaporating  the  spirit  in  contact  with  the  air, 
which  is  aided  sometimes,  especially  in  winter,  by  circulating 
around  the  liquid  a  part  of  the  exhaust  gas,  or  the  water  which 
has  cooled  the  cylinder.  Cold  petrol  spirit  does  not  volatilise 
sufficiently,  and  hot  spirit  does  so  to  excess;  so  that  to  preserve 
it  at  the  requisite  temperature  it  must  be  possible  to  vary  the 
quantity  of  hot  exhaust  gas  or  warm  water  applied  to  the  heater. 
In  the  de  Dion-Bouton  tricycle,  for  example,  there  is,  at  the  end  of 
the  heating  pipe,  a  kind  of  screw  plug,  which  can  be  used  to  vary 
the  working  section  of  this  pipe.  Frequently  this  screw  plug  is 
lost,  and  Wolff  invented  a  substitute  for  it,  his  regulator  being 
merely  a  bronze  key  fixed  firmly  in  the  place  formerly  occupied 
by  the  plug. 

Contact  of  the  two  fluids  (petrol  spirit  vapour  and  air)  is 
obtained  either  by  makmg  the  air  bubble  through  the  liquid,  or 
simply  causing  the  air  to  lick  the  spirit ;  but  chiefly  by  previously 
atomising  the  latter.  Consequently,  the  three  classes  of  carburetters 
are  distinguished  as  bubbling,  surface,  and  atomising  carburetters. 

Bubbling  carburetters  are  not  much  employed  now,  and,  in 
any  case,  those  which  have  not  a  constant  level  must  be  rejected ; 
for  if  the  air  does  not  always  pass  through  an  equal  depth  of 
liquid  it  is  not  enriched  uniformly.  To  improve  such  defective 
carburetters,  P.  Rapin  has  devised  a  regulating  float  which  can  be 
adapted  without  any  difficulty. 

In  spite  of  the  constancy  of  level,  the  degree  of  enriching  may 
vary  with  the  velocity  with  which  the  air  passes;  it  certainly 
varies  with  the  composition  of  the  petrol  spirit,  which  tends  to 
liberate  its  more  volatile  parts,  and  gradually  becomes  impoverished. 
This  is  so  much  so  that  to  obtain  a  constant  and  sufficient  car- 
buretting,  and  to  avoid  taking  up  the  solid  particles,  which  very 
quickly  foul  the  cylinder,  it  becomes  necessary  to  employ  the 
carburetter  from  time  to  time  without  using  up  all  the  petrol 
spirit  which  it  may  contain.  The  bubbling  carburetter  has  also 
the  defect  of  being  somewhat  cumbersome,  though,  on  the  other 
hand,  it  is  very  simple.  Constancy  of  level  is  easy  to  obtain 
automatically,  by  aid  of  a  regulating  float,  or  by  the  birds'  drinking- 
fountain  device.  However,  it  is  not  much  employed  by  first-class 
makers,  though  still  used  by  Delahaye. 
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Surface  carburetters  are  a  more  numerous  class  than  the  pre- 
ceding one,  but  possess  the  same  defects  and  good  qualities,  although 
constancy  of  level  is  not  so  important ;  they  are  perhaps  even 
more  cumbersome  than  those  in  the  first  class.  The  Tenting  and  old 
Benz  carburetters  belong  to  this  type,  as  also  does  the  first  Lepape 
carburetter.  The  latter  consists  of  a  hot-water-jacketed  vessel,  in 
which  the  level  of  the  petrol  spirit  is  maintained  constant,  as  in  a 
birds'  drinking  fountain.  One  of  the  most  interesting  devices  of 
this  kind  is  certainly  the  old  de  Dion-Bouton  carburetter,  shown  in 
Fig.  267,  on  p.  277,  which  has  given  such  good  results  on  tricycles. 
Referring  to  Fig.  267,  the  vessel  A,  filled  with  petrol  spirit  to  a  variable 
level,  receives  the  air  to  be  carburetted  through  the  chimney  B, 
which  can  slide  in  a  cylinder,  and  is  furnished  at  the  lower  part 
with  a  brass  plate  C,  so  as  always  to  bring  the  current  of  air 
sufficiently  near  the  petrol  spirit;  the  air  current,  after  licking  the 
liquid,  ascends  along  the  sides.  The  top  part  of  the  carburetter 
forms  a  seat  containing  the  two  plugs  of  twin  taps.  To  the  left 
the  seat  has  an  opening  communicating  with  the  carburetter,  and 
another  opening  into  the  air.  Plug  B},  movable  around  its  axis, 
has  an  opening  which  can  be  brought  opposite  one  or  the  other  of 
these  orifices  or  both  together.  Thus  this  tap  can  admit  pure  air 
or  petrol  spirit,  separately  or  together,  in  variable  proportions.  The 
mixture,  thus  proportioned  at  will,  enters  the  plug  R  on  the  right, 
near  the  bottom,  which  is  open,  and  by  this  tap  and  the  prolong- 
ing pipe  which  passes  through  the  carburetter  it  is  conveyed  to 
the  cylinder.  Taps  R  and  R*  are  worked  by  levers  with  little 
handles  placed  on  the  higher  tube  of  the  tricycle  frame.  D  is  a 
float  whose  attached  wire  indicates  the  height  of  the  petrol  spirit. 

In  the  Aster  carburetter  there  is  a  float  on  the  surface  of  the 
liquid  to  lessen  the  formation  of  waves  due  to  the  jolting  of  the 
vehicle.  The  metal  plate  under  which  the  air  licks  the  liquid  is 
connected  with  this  float,  and  then  remains  at  a  constant  distance 
from  the  liquid ;  this  device  assures  greater  regularity  in  carburetting. 
The  mixture  thus  formed  becomes  more  intimate  in  a  dome. 

The  Pope  Manufacturing  Company's  carburetter  has  a  small 
receptacle  inside  a  large  one,  which  enables  cool  petrol  spirit  to 
be  run  into  the  carburetter  as  soon  as  an  extra  eflbrt  is  needed. 
The  pure  air  to  be  mixed  with  the  carburetted  air  enters  through 
a  pipe  arranged  with  a  baflle  to  prevent  noise. 
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The  Lufbery  carburetter  (Fig.  84)  is  of  the  float-feed  kind,  but  the 
carburetting  chamber  A  has  a  central  pipe  down  which  air  is  drawn, 
and  the  chamber  is  fitted  Avith  baffles  around  which  the  air  has  to 
pass  on  its  way  to  the  engine.  The  pressure  in  both  chamber  A  and 
lloat-chamber  B  is  kept  constant  by  means  of  an  air  pipe  C,  and  a 
coiled  pipe  D  conveys  some  of  the  exhaust  gases  through  the  petrol 
spirit  in  chamber  A  and  warms  it.  The  admission  of  petrol  spirit 
into  the  float-chamber  B  is  controlled  by  an  automatic  needle-valve. 
The  carburetted  air  passes  to  the  motor  cylinder  through  the  pipe 
E,  on  top. 

In  the  Petr^ano  carburetter,  Fig.  85,  the  motor  exhaust  gases  run 


Fig.  84. — LuFBEKY  Carburettek. 

through  a  central  pipe  A,  whose  temperature  and  that  of  the 
cylinder  B  which  surrounds  it  are  increased;  the  pipe  has  a 
jacket  C,  of  a  spongy  permeable  asbestos  fibre,  constantly  kept 
moist  with  the  liquid  to  be  vaporised,  which  is  conveyed  into  the 
cylinder  through  an  orifice  in  the  top  part;  air  enters  by  another 
orifice  to  be  seen  on  the  right  of  Fig.  85.  There  are  four  funnels, 
D,  E,  F,  and  G,  two  of  which  are  also  lined  with  asbestos, 
forming  a  baffle  and  thoroughly  mixing  the  air  and  petrol  spirit 
vapour;  finally  the  carburetted  air  enters  chamber  H,  passing 
thence  through  valve  J  to  the  motor  cylinder.  The  holes  K  in  the 
•base  of  the  funnel  cones  allow  the  denser  portions  of  the  liquid  to  flow- 
away,  as  their  slow  evaporation  might  interfere  with  the  regularity  of 
carburetting.  These  denser  portions  accumulate  at  the  bottom  of  the 
cylinder  B,  whence  they  can  be  run  out  by  a  tap  shown  to  the 
right.    This  carburetter  gives  a  very  homogeneous  mixture,  which 
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bums  in  the  most  satisfactory  way  possible.  Thorough  mixture 
of  the  oil  vapour  and  the  air  is  really  of  the  greatest  importance, 
of  which  Lenoir  already  had  an  idea,  and  Petreano,  instructed  by 
the  studies  of  Bandscpt  and  Denayrouse,  has  since  1896  endeavoured 
to  realise  this  perfect  mixture.  This  thorough  diffusion  of  the 
vapour  makes  combustion  more  sudden  and  more  complete,  and 
the  Petreano  system  gives 
very  gnod  results  with  al- 
cohol, it  seems, 

A  surface  carburetter 
with  zig-zag  baffle  plates  t 
constitutes  Faure's  latest  H 
<levice  for  use  chiefly  on  ^ 
motor  cycles.  Fig.  8G 
shows  a  section  of  it  The 
tank  A  i.s  filled  through 
pipe  B,  which  also  senses 
as  tho  pure  air  inlet,  H 
l>eing  a  screw  stopper  with 
a  regulating  cock  J.  The 
partitions  D  E  F  G  form 
zig-zag  baffles,  and  have 
open-work  trellises  or  grat- 
ings at  K ;  these  baffles 
prevent  the  spirit  from 
being  spirted  into  the 
motor  supply  pipe  C,  and 

assist  to  make  the  mixture  Fig.  8B,— Pbtb<ano  Carburetteh, 

of   vapour    and    air    more 

intimate.  The  inlet  pipe  B  passes  right  through  the  baffle  plate 
E,  but  the  outlet  C  only  just  dips  inside  the  tank.  The  arrow- 
line  shows  the  course  of  the  vaporised  spirit. 

The  Roussy  de  Sales  or  Sales  and  Bniby  carburetter  {Figs.  87  and  88) 
is  a  box  ] ,  divided  into  compartments,  2  and  3,  by  the  partition  4.  The 
petrol  spirit  enters  compartment  2  by  pipe  5,  whose  orifice  is  opened 
by  the  neetlle  6,  under  the  action  of  the  lever  7,  brought  near  by 
spring  8  and  repelled  by  rod  9  of  the  piston  10.  The  piston  ascends 
inside  the  cylinder  11  under  the  influence  of  the  motor's  suction, 
and  unmasks  the  orifice  12,  by  which  the  air  is  admitted  through 
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openings  13  into  box  14,  furnished  on  its  upper  part  with  alternate 
layers  of  wire  gauze  and  spongy  textiles  saturated  with  petrol  spirit. 
The  carburetted  air  passes  to  the  motor  cylinder  through  pipe  20,  21, 
after  receiving  through  valve  23,  worked  by  lever  24,  the  correct 
amount  of  fresh  air  ;  the  name  "  charging-saturator "  is  given  to 
this  appliance. 

Wicks  are   used  in   the   Papillon  carburetter  and  in  the  Balbi 
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Fig.  86. — Faure  Svhfacb  Carbuhettbr. 


carburetter.  The  first,  which  was  employed  on  the  Tauzin  voiturette, 
consists  of  two  concentric  boxes,  forming  a  bell,  in  the  centre  of 
which  a  set  of  cotton  wicks  form  a  surface  of  evaporation.  The 
air  circulates  between  the  two  boxes  and  enters  the  lower  one 
through  orifices  made  all  round  on  a  level  with  the  liquid;  the 
liquid  maintains  an  almost  constant  level.  The  Balbi  carburetter, 
employed  by  Grivel  for  motor  cycles,  also  consisted  of  two 
receptacles  of  circular  section,  one  fitted  into  the  other,  and 
comnmnicating  with  each  other  by  a  valve  in  the  bottom  of  the 
lower  vessel;  a  series  of  wicks  was  arranged  on  the  circumference 
of  the  first. 

The  carburetter  of  W.  G.  Buck  also  is  of  the  wick  type,  Fig.  89 
showing  a  plan  and  Fig.  90  a  sectional  elevation.  It  has  two  chambers, 
the  petrol  tank  A  and  the  carburotting  chamber  C,  connected  by 
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pipe  D.  From  the  top  of  the  carburetting  chamber  depend  twelve 
wicks,  G,  spaced  as  in  Fig.  90.  An  air  tube,  F,  leads  from  the  bottom 
of  the  carburetting  chamber,  at  the  left,  to  the  top  of  the  petrol 
tank  A.  Operation  is  as  follows : — When  the  air  cock  P  in  pipe  H 
IS  opened,  petrol  passes  through  pipe  D  to  the  wick  chamber  until 


Figa.  87  and  88. — Sales  and  Bkabt  Cabbchetter. 

the  lower  end  of  pipe  F  is  submerged.  As  then  further  air  cannot 
get  to  the  space  above  the  petrol  in  the  tank  A,  the  flow  ceases. 
Air  is  drawn  through  pipe  L,  and  takes  a  zigzag  passage  between 
the  saturated  wicks.  The  carburetted  air  then  passes  through  the 
elbow  J  into  storage  chamber  K,  and  thence  through  the  filter  Q 
and  pipe  L  to  the  motor,  automatically  drawing  in  the  auxiliary 
air  through  valve  N.  As  the  spirit  in  tbe  carburetting  chamber 
is  absorbed,  the  mouth  of  the  air  pipe  is  uncovered,  and  fresh 
12 
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petrol  flows  in.  There  is  a  filter  R  in  the  air  pipe  H,  and  another 
(S)  in  the  filling  plug,  both  of  these  being  constructed  as  at  Q,  to 
the  left. 

The  Lanchcstcr  wick  carburetter  is  as  ingenious  as  is  the  rest 
of  the  Lanchesier  vehicle.  There  is  something  in  the  claim  made 
that  the  wick  carburetter  gives  a  particularly  constant  mixture, 
owing  to  the  fact  that  a  wick  does  not  di.scriminate  between  spirits 
of  different  density,  and  so  it  is  not  possible  for  the  reservoir  after 
a  time  to  be  half  full  of  a  spirit  residue  of  too  great  density  for 
use.    The  wiek  raises  the  spirit,  and  warm  air  from  the  motor 
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surface  volatilises  it  from  the  upper  portions  of  the  wick.  Sliould 
water  get  into  tlie  petrol  tank,  it  will  not  be  raised  by  the  wick 
owing  to  the  antagonism  between  the  oil  and  water.  Fig.  91  shows 
a  section  of  the  carburetter,  A  being  the  petrol  spirit  tank  within 
the  main  supply  tank,  B  petrol,  C  wick  tank,  D  wick,  E  pump 
handle,  F  mixture  regulator  with  handle.  G,  H  hot  air  inlet,  and  J 
overflow  holes.  The  pump  raises  spirit  from  the  main  tank  to  the 
wick  tank,  a  few  strokes  sulHcing  for  about  Hi  km.  (10  uiiles) 
or  so,  and  the  pump  handle  is  conveniently  near  the  driver's  right 
hand.  The  mixture  regulator  is  shown  in  the  intermediate 
position,  and  the  single-headed  arrows  indicate  the  passage  of  the 
pure  air,  and   the  double-headed  ones  that  of  the  carburetted  air. 


CAKBVRETTEKS    FOR    PETROL    MOTORS.  117 

through  the  various   ports.     The   additional   air   for  combustion   is 
supplied  by  the  regulator  F. 

The  Friedman  carburetter  is  of  American  make,  and  is  shown 
in  section  by  Fig.  92.  Instead  of  having  a  float-feed,  perforated 
plates  are  made  to  act  much  in  the  same  way  as  wicks  in  the  wick 
carburetters.  The  petrol  inlet  needle  valve  is  closed,  whilst  a  leather 
tip  A  on  the  end  of  a  vertical  rod  B  is  pressed  upwards  by  a  spring 
V.  At  the  bottom  of  the  rod  is  the  disc  D,  just  above  the  exit 
of  the  induction  tube,  and  the  piston  suction  acting  on  this  disc 
pulls  down  the  rod  B  and  allows  the  spirit  to  tall  from  the  valve 


Fig.    91. — LaSCHESTIH    'Wick    CARBtRKTTEB.  Fig.     92. — ^FlIlKDllAy    CAHmmETTKB. 

upon  the  perforated  plates  where  it  is  vaporised ;  the  part  containing 
the  plates  is  exhaust-jacketed.  At  E  the  petrol  enters,  at  F  the  mix- 
ture departs,  and  G  is  the  jacket.  This  carburetter  almost  certainly 
uses  up  more  power  than  one  on  the  usual  float-feed  principle. 

Atomising  carburetters  are  the  most  commonly  employed. 
They  have  the  advantage  of  being  less  cumbersome  than  the 
others,  giving  more  uniform  combustion,  and  not  leaving  any 
useless  residue,  the  petrol  spirit  being  vaporised  completely  as 
goon  as  it  is  brought  into  contact  with  the  air.  Tliese  atomisers 
have  the  inconvenience,  however,  of  being  more  delicate,  of  often 
necessitating  at  starting  the  use  of  hot  air,  which  in  the  case  of 
motors   employing    electric    ignition    cannot    always    be    obtained. 
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and  there  is,  in  some,  the  necessity  during  a  journey,  after  a  stoppage 
of  any  length  of  time,  of  cleaning  the  pipes  to  remove  the  cold 
petrol  spirit;  this  latter  involves  the  loss  of  a  httle  liquid,  but 
the  loss  is  not  to  be  compared  with  that  caused  by  clearing  out 
residues  from  carburetters  of  the  two  other  types. 

The  old  Uaimler-Phcenix  carburetter  is  represented  by  Fig.  93. 
The  petrol  spirit  arrives  from  the  main  tank  by  the  passive  N,  and 
pRSses  through  the  wire  gauze   0,  which  stops   any  solid  particles 


it  may  contain,  into  the  receptacle  A.  As  soon  as  it  has  there 
attained  the  level  of  the  top  part  of  the  nozzle  J,  through  which 
it  enters  chamber  H,  the  float  B  lifts  the  counter-weight  K;  now 
the  rod  D,  being  no  longer  held  up  by  them,  drops  and  presses 
tbe  valve  C  against  its  seat ;  the  flow  of  petrol  spirit  is  inter- 
rupted, and  thus  the  liquid  is  always  flush  with  the  top  of  the 
nozzlo  J.  When  suction  occurs  in  M,  the  current  of  air  arrives 
through  F,  and  the  petrol  spirit  emeiges  from  J.  The  jets  of 
air  and  spirit  break  against  the  mushroom  K  and  mix  intinmtelv. 
A  variable  proportion  of  pure  air,  to  bring  the  mixture  to  an 
explosive    state,  can    be    admitted    by    the    lantern   L.      To    clean 
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the    carhuretter    it    can    be   emptied  by  a  pipe   P,   closed   with   a 
screw  cap. 

The  new  English  Daimler  carburetter,  shown  in  section  by  Fig.  SI4, 
has  an  unusually  large  float-feed  chamber  A.  Petrol  spirit  enters 
by  pipe  B  and  passes  to  the  jet  0,  which  has  an  internal  needle 
valve  adjustable  by  means  of  the  hand  wheel  D.  The  inverted  cone 
E  is  easily  removable,  being  tised  on  the  bayonet-joint  principle. 
The  auxiliary  supply  of  air  is  admitted  by  the  inlet  F  to  the  already 
formed  explosive  mixture,  which  then  passes  through  the  main  supply 


pipe  O  to  the  motor.  A  water  jacket  H  surrounds  the  mixing 
chamber;  and  the  air  drum,  formerly  a  part  of  the  Daimler  car- 
buretter, is  not  now  used. 

The  Minen,-a  bicycle  new  carburetttT  appears  to  be  a  modification 
of  the  Daimlcr-Phteuix  device;  minor  differences  are  that  the  spirit 
is  sprayed  into  an  inverted  conical  chamber  with  stepped  sides,  the 
hollow  spraying  cone,  also  stepped,  conUiining  orilices  through  which 
the  mixture  pa.sses  to  the  motor  feed  pipe.  The  needle-valve  stem 
projects  through  the  top  of  the  float  chamber,  as  in  the  above,  but 
il  is  not  cased  in,  so  that  it  can  bo  rai.se<l  and  the  carburetter 
flooded  if  this  (course  should  be  necessary  at  starting. 

Figs.  95  lo  97  show  the  de  Dion-Bouton  carburetter  as  used  on 
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cars,  it  being  totally  different  from  the  tricycle  carburetter  shown  by 
Fig.  165,  p.  184,  and  described  on  p.  87.  The  tube  t  admits  air  into  a 
bronze  body  A,  the  tube  t'  taking  the  carburetted  air  to  the  motor. 
The  body  has  a  removable  bottom,  and  surplus  spirit  flows  through  a 
hole  drilled  in  it.  B  is  a  cylindrical  valve  turning  in  body  A,  regu- 
lating the  air  supply,  and  terminating  at  its  lower  end  in  a  tube  of 


smaller  diameter,  surrounding  the  nozzle  I)  for  part  of  its  length  ;  a 
prolongation  of  its  upper  part  receives  the  adjvisting  lever  I.  C  is 
an  annular  brass  float  composed  of  two  concentric  shells  united  by 
flanged  and  soldered  heads,  and  I)  is  a  bra.ss  nozzle  through  whieh 
the  spirit  issues.  E  is  the  petrol  admission  pipe,  serving  also  as  a 
guide  for  the  automatic  valve,  and  at  its  lower  end  is  a  removable 
cap  b.  and  on  this  rests  a  spring  supporting  a  .nietal  gauze  strainer 
which  arrests  impurities  in  the  spirit.  Above  the  cap  is  the  pipe 
leading  from  the  petrol  spirit  tank.     F  is  an  adjustable  admission 


CARBTTRETTEnS    FOR    PETROL   MOTORS.  121 

valve  for  petrol ;  it  is  composed  of  a  brass  rod  with  four  longitudinal 
grooves  for  permitting  the  flow  of  the  spirit,  and  its  lower  end  has  a 
nickel  needle-potnt,  whilst  its  upper  end  is  drilled  and  tapped  to 
receive  the  adjusting  screw  locked  by  a  check  nut.  By  means  of  the 
double-armed  float  lever  G-,  the  petrol  supply  to  the  float  chamber  is 
cut  off  automatically,  the  float  resting  on  the  long  arm  transmitting 
its  upward  force  to  the  valve  suspended  from  the  short  arm  ;  in  the 


illustrations  this  valve  is  shown  closed.  H  is  a  float  chamber 
composed  of  a  brass  tube  united  with  the  main  casting  A,  and 
soldered  to  a  bronze  bottom.  I  is  the  operating  lover,  an<l  K  is  a 
screw  cap  retaining  the  valve  B  in  chamber  A. 

The  Sthenos  carburetter  shown  in  section  by  Fig.  98  is  used 
by  the  Dccauville  and  other  cars.  The  spirit  arrives  by  A  and 
pass(^«  into  the  chamber  containing  float  B,  the  mechanism  regulating 
needle  valve  C  being  clearly  illustrated.  The  spirit  is  sprayed  from 
pipe  D,  regulated  by  turning  screw  plug  E,  and  it  is  then  taken  up 
by  the  air,  which  is  brought  through  F,  being  Altered  through  gauze 
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G. ■  The  cone  H  tapering  by  7  degrees  is  exhanst-jacketed  at  J, 
and  this  causes  a  very  quiclv  formation  of  the  mixture,  which 
passes  to  the  motor  through  K.,  its  amount  being  regulated  by  a 
disc,  L,  below  K,  controlled  by  lever  handle  M.  There  are  modifi- 
cations of  this  design,  in  some  of  which  the  spirit  is  delivered  to 
the  top  of  the  float  chamber,  where  it  is  filtered  through  gauze. 
A  very  well-known  carburetter  is  the  Longuemare,  and  Fig.  99 


Fig,     99.— LOXGL-EUARE    CARin-RITTER. 

illustrates  a  two-year-old  type,  suitable  for  either  methylated  spirit, 
carburetted  spirit,  or  petrol  spirit.  This  type  was  preceded  by  others 
differing  in  many  important  points  from  the  present  The  liquid 
passes  through  pipe  I  and  past  conical  valve  H  to  the  point  of  arrival 
F  in  the  constant-level  receiver  A  containing  the  float  B ;  J  is  the 
cleansing  plug,  E  a  spring  piston,  C  the  top  of  the  receiver,  and  1>  the 
screw  cap  or  plug.  From  the  receiver  the  liquid  flows  to  the  actual 
carburetter  through  the  regiilatable  screw  valve  f  L,  the  liquid  being 
driven  into  the  eavity  M  underneath  plug  Z,  and  thence  through  a 
dozen  small  vents  N  into  the  air  chamber  K ;  a  supply  of  fresh  air 
coining  through  the  pipe  X  carries  the  spray  upwards.     The  carbu- 
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retting  key  S  haviorr  been  opened,  the  vents  P  become  more  or  less 
uncovered,  and  the  air  and  piilverisctl  liquid  pass  through  Q,  and 
their  intimate  mixture  is  assured  by  the  perforated  disc  0  and  by 
circulation  around  the  radintiug  blades  d  in  the  gas  chamber  R,  the 
mixttire  being  delivered  to  the  motor  cylinder  through  pipe  Y.  The 
radiating  blades  are  heated  by  the  exhaust  gases  which  flow  into 
space  V.     Co  is  the  cover  of  the  carburetter,  and  e  e  are  passages  for 


Fig.    100. LoNCrjIMABI   CABBCHItTBK 

(New  Ttpe).  Fig.  101. — Chauvkau  Carbvrettee. 

exhauBt  gases.  When  methylated  spirit  is  used  alone,  not  admixed 
with  petrol,  it  is  necessary  to  heat  the  carburetter  before  it  will  start 
working ;  afterwards  the  hot  exhaust  gases  keep  it  warm.  The  pre- 
liminary heating  is  done  by  uncovering  the  vents  c,  inserting  through 
a  some  cotton  waste  soaked  in  alcohol,  and  lighting  this  in  the 
space  V. 

The  Longuemare  carburetter  (patented  in  October,  1JI02,  by  Messrs. 
Feniand,  and  (ieoi^s  Longuemare)  bears  hardly  any  resemblance  to 
that  described  above.  It  is  claimed  to  give  precise  regulation  both 
as  regards  the  quantity  and  proportions  of  the  mixture,  and  as  it 
may  have  possibly  as  big  a  vogue  as  the  former  Longuemare  devices 
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a  detailed  description  of  it  is 'here  given.  Fig.  100  is  a  vertical  section 
of  the  carburetter.  The  mixing  chamber  C  is  exhaust-jacketed  at  D 
the  gases  coming  from  the  motor  through  flexible  tubes  E  F.  In 
the  centre  of  the  chamber  C  is  the  petrol  supply  device  A,  in  which 
are  holes  B  for  squirting  the  petroL  A  is  mounted  on  tube  G,  to 
which  the  spirit  is  supplied  in  much  the  usual  manner  by  the  lower 
tube  H,  N  being  the  sp^indle  of  the  needle  valve  OP.  A  sleeve  or 
tubular  partition  with  enlarged  base  J,  is  secured  in  the  mixing 
chamber  so  as  to  cover  the  air  inlets  K;  and  its  upper  part  L 
extends  above  the  petrol  sprayer  A,  and  in  the  annular  space  M 
thus  formed  the  air  admitted  at  K  is  mixed  with  the  spirit,  the 
extension  L  assisting  the  mixing.  The  perforated  disc  Q  on  spindle 
N  serves  as  a  baffle  and  makes  the  mixture  more  intimate,  and  the 
charge  passes  to  the  motor  through  the  neck  U.  With  regard  to 
the  regulator,  passing  through  the  neck  is  a  rod  S,  with  a  wedge  or 
cone  R,  and  screw  T.  This  screw,  it  is  clear,  determines  the 
position  of  the  cone,  which  in  turn  forms  an  abutment  determining 
the  height  to  which  the  needle-valve  spindle  N  shall  rise.  Thus  the 
amount  of  spirit  admitted  is  controlled  easily.  The  auxiliary  air 
required  comes  through  ports  V  in  the  neck  U,  regulated  by  a 
perforated  ring,  X.  In  operation  the  suction  of  the  motor  raises  the 
disc  Q,  and  consequently  the  needle-valve  spindle  N.  Spirit  is 
squirted  out  through  the  orifices  B  simultaneously  with  the  suction 
of  air  through  K  The  rest  of  the  operations  have  been  made 
clear  already.  By  reason  of  its  few  moving  parts  this  carburetter  is 
simple,  and  it  remains  for  experience  to  show  whether  its  efficiency 
is  greater  than  that  of  the  old  forms. 

In  the  Chauveau  carburetter  (Fig.  101)  there  is  no  auxiliary  feed 
tank ;  the  petrol  spirit  arrives  directly  from  the  main  tank  through 
a  pipe  fixed  on  the  branch  C.  Its  entrance  into  the  apparatus  is 
regulated  by  the  screw  needle  valve  E,  and  it  ascends  the  central 
tube  G,  which  is  shut  at  the  top  part  by  a  plug  in  which  there 
are  holes  terminating  at  the  circular  neck  H.  Outside  the  tube  G 
slides  casing  I,  with  openings  ii,  and  solid  with  the  valve  J,  the 
rod  of  which  is  prolonged  outside  the  apparatus,  and  rests  by  its 
nut  K  on  a  spiral  spring,  which  presses  the  valve  against  its  seat. 
The  fitting  of  the  casing  I  on  the  tube  G  is  watertight.  When  suction 
of  the  cylinder  occurs  at  A,  the  valve  J  falls,  and  air,  admitted  at  N, 
passes  through  it.     At  the  same  time  the  orifices  i  move  to  opposite 
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the  chamber  H  ;  and  if  E  has  been  opened,  the  petrol  spirit  issues 
at  i,  and  breaks  against  the  rough  truncated  cone-shaped  sides  M'. 
The  finely  divided  spirit  mixes  with  the  air,  and  all  passes  through 
orifices  o  into  the  cylinder,  and  during  its  passage  it  can  be  mixed 
further  with  pure  air  by  means  of  a  special  valve. 


Fig.   102.— GAlTIER-WKHHLfe   CaKBIRI 


The  Gautier-Wehrl^  carburetter  is  shown  by  Fig.  102.  In  this 
the  petrol  spirit  from  the  main  tank  is  admitted  under  a  rather  high 
pressure  by  the  small  bore  pipe  E,  and  emerges  under  a  spraying 
coDe,  S,  which  forma  the  top  part  of  the  valve.  The  latter  is 
r^ulated  by  the  screw  V  and  spring,  so  as  to  rise  slightly  under  the 
influence  of  the  motor's  suction,  and  allow  a  little  petrol  spirit  to 
pass.  The  hot  air  admitted  at  A  meets  the  sprayed  spirit,  and  all 
is  mixed  with  the  proper  quantity  of  cold  air,  which  comes  through 
orifices  made  in  the  lid  of  the  mixing  chamber,  these  orifices  being 
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more  or  less  uncovered  by  a  regulatable  cap.  The  charge  passes  to 
the  cylinder  through  M.  This  carburetter  is  believed  to  be  abandoned. 
The  new  Mors  carburetter  differs  almost  entirely  from  the  old 
one,  in  which  the  spirit  fell  through  an  inverted  cone  having  a 
grooved  surface.  The  new  device  is  shown  in  vertical  section  by 
Fig.  103,  and  in  plan  and  part  section  by  Fig.  104.  The  float  feed  is 
much   as  usual,  and  the   spirit  passes  from  the  chamber  A  to   the 


I. — G.       SiCHAMD        CaKHIHETTEU. 

{Old  Tvpf).    Fig.  106.— G.  Rilkahik 
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eccentric  nozzle  J,  where  it  impinges  on  the  cylinder  wall  B.  The 
partition  C  divides  the  cylinder  into  two  parts,  D  and  E,  and  at 
the  bottom  of  each  part  is  an  opening,  F  and  G  respectively ;  a 
perforated  sleeve,  H  L,  governs  these  openings,  and  is  under  the 
driver's  direct  control.  The  air  entering  at  F  is  duly  carburetted 
iu  part  D,  and  the  mixture  is  diluted  by  the  air  which  enters  G 
and  passes  up  E.  The  mixture  then  goes  straight  to  the  motor 
through  pipe  K.     This,  at  least,  has  the  merit  of  sunplicity. 

Another  constant  level  carburetter  is  that  of  Georges  Richard 
(Fig.  105),  and  in  this  the  sjiraying  action  ot  the  inrushing  air  is 
used  to  pulverise  the  petrol  spirit  by  dashing  it  between  the  surface 
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of  an  inverted  cone  M  and  the  corrugated  surface  K  of  a  containing 
pass^e.  The  air  enters  the  pipe  G,  lifts  the  cone  M,  and  passes 
through  the  inlet  valve  of  the  motor.  By  pipe  A  the  petrol  spirit 
enters  chamber  C  containing  float  B.and  flows  through  the  passage  D 
into  the  annular  space  R  Small  holes  F  through  the  seating  of  the 
cone  M  lead  into  the  space  E.and  the  petrol  spirit  thus  is  fed  into  the 
air  passage  whenever  the  cone  M  is  raised.    I  and  H  are  union  nuts. 


The  new  Georges  Richard  carburetter  has  a  separate  spraying 
nozzle  for  each  of  the  four  cylinders  tilted  on  the  1903  40  h.p,  car, 
the  advantage  being  that  each  jet  may  be  regulated  to  suit  the 
requirements  of  each  cylinder  independently  of  the  others.  Fig.  IOC 
Ls  a  sectional  view  of  the  carburetter,  which  is  a  box-like  construction 
with  a  cylindrical  float-feed  chamber  in  the  centre  and  the  induction 
pipe  connections  to  the  four  cylinders  at  the  corners.  Petrol  spirit 
(inters  the  float  chamber  D  at  the  top  through  A,  B  being  the 
needle  valve,  and  C  the  float,  and  H  H'  the  sprajing  nozzles.     Air 
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enters  at  the  bottom  through  E,  passes  up  through  the  orifice  E', 
and  goes  through  J  to  that  cyHnder  in  which  the  suction  is  taking 
place,  carrying  with  it  the  spirit  ejected  from  the  nozzles  H  H'. 
The  size  of  the  air  inlet  E'  is  regulated  by  the  slide  F,  actuated  by 
rack  and  pinion  G'  and  G.  By  depressing  the  plunger  K,  tJie  float 
also  is  depressed  and  the  carburetter  flooded. 

The  Peugeot  carburetter  is  illustrated  by  Fig.  107.      The  petrol 
spirit  enters    it  through  pipe  e,  and  runs  into  tank  a  as   long  as 


the  cork  float  h,  by  resting  on  c,  keeps  the  needle  d  raised.  As  soon 
as  the  float  is  sufficiently  raised  not  to  press  on  e,  the  needle  d 
falls  by  virtue  of  its  own  weight,  and  closes  the  inlet.  The 
apparatus  is  regulated  in  such  a  manner  that  the  level  in  the  tank 
a  is  maintained  a  little  lower  than  the  nozzle  o,  thus  preventing 
the  petrol  spirit  from  overflowing  into  the  carburetter  chamber  /. 
Under  the  influence  of  the  motor's  suction,  the  petrol  spirit  issues 
from  the  nozzle  o  i^ainst  the  atomising  plug  I ;  a  current  of  air 
heated  by  burners  then  arrives  through  a  tube  situated  above  this 
air-current,  following  a  direction  perpendicular  to  the  jet  of  spirit, 
owing  to  the  deviation  caused  by  a  socket  with  baffles  in  com- 
bination  with   a   wire  gauze,  which   retains   the   tine   parts   of  the 
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non-vaporiaed   petrol   spirit,   and   assists   the   intimate   carburetting 
of  the  air.      The  dehvery  of  the    petrol  spirit  remains  constant. 
Shutters  placed  on  each  side  of  the   tube  which  conveys   the   hot 
air  render  it  possible  to  admit  cold  air  to  obtain  a  normal  degree 
of  carburetting;    the   movable  diaphragm   n,  worked    by   a   screw, 
also  helps  to  modify  the  mixture 
of  hot  and  cold  air,  and,  in  conse- 
quence, that    of  the    carburetted 
mixture  which  is  conveyed  to  the 
cylinders  by  pipe  m.      According 
to  the  quality  of  the  petrol  spirit 
and  temperature   of    the  air,  the 
mixture   also  is  varied  by   aid  of 
the  cold  air  cock  r,  placed  below 

the     carburetting     chamber,     and  > 

mainly  intended  to  prevent  ex- 
cessive carburetting.  At  starting, 
the  cold  air  inlet  in  shut,  so  as  to 
admit  nothing  but  the  air  heated 
by  the  burners.  The  only  atten- 
tion necessary  is  cleaning  the  filter 
when  choked  by  the  foreign  sub- 
stances removed  from  the  petrol. 
The  Abeille  constant  level  car- 
buretter (Fig.  108)  combines  the 
float-feed  principle  with  a  more  or 
less  perfect  pulverising  device,  the 
spirit  being  kept  at  the  level  of  the 
top  of  a  small  nozzle  by  a  float- 
feed  arranged  in  a  neighbouring 
chamber.      In  the  chamber  A  is  a  „..„„,  ^ 

Pig,    109. — LeFAI'K   CAUnUBETTER. 

float,  B,  rastmg  on  one  end  of  a 

lever,  D.  whose  other  end  supports  the  spindle  C,  at  the  lower 
end  of  which  is  a  needle  valve  throu;;h  which  the  petrol  spirit 
flows,  the  supply  being  automatic.  Air  enters  by  the  tube  H 
through  the  lower  part  of  the  converging  passage,  the  throttled 
portion  corresponding  to  the  end  of  the  pipe  E,  and  the  air  carries 
with  it  a  quantity  of  petrol  spirit  previously  regulated  by  the  size  of 
Dozzlo  orifice  J.    The  mixture  is  thrown  on  the  hollow  cone  G,  pierced 
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with  a  great  number  of  small  holes  through  which  passes  the 
additional  supply  of  fresh  air.  For  this  purpose  the  cone  G  has  a 
movable  cap,  L,  containing  four  openings  JI,  opened  or  closed  by  the 
rotation  of  the  cap.  The  carburetted  air  passes  to  the  motor  through 
tube  K.  For  cleansing  or  adjusting  the  nozzle  J  it  suffices  to  unscrew 
the  plug  F,  and  to  withdraw  the  pipe  E  by  the  lower  part 

Fig.  109  represents  one  type  of  the  Lepape  carburetter.    The  petrol 
is  brought  by  the  pipe  m,  passing  under  valve  b  (normally  maintained 
a  little  above  its  seat  by  its  union  with  the  valve  a  and  the  spring  z) 
and    fills    the   chamber   c;    /  and   x  are   the   spindle  and   spring 
respectively  of  valve  «,     When   suction  of  the  piston  takes   place 
in  T  the  hood  G  falls,  and 
forces  down  the  valve  a  into 
the  chamber  c,  causing  a  cer- 
tain amount   of  petrol  spirit 
to  overflow.      The  admission 
and  emission  of    the   petrol 
spirit  are,  moreover,  regulated 
by  the  position  of  the  hood 
on    its   screw,    this    position 
being    maintained     by     the 
threaded  nut  V,  and  by  the 
force  of  suction  which  can  be 
Pig.  110.— Loyal  Cirhubettbr.  decreased   by   allowing  fresh 

air  to  enter  by  ferrule  d.  The 
petrol  spirit  falls  on  P,  the  lantern  with  wire  gauzes  through  which 
the  hot  air  comes  from  A.  The  mixture  passes  through  T  to  the 
cylinder.  E  is  a  screw  needle  valve,  which  at  starting  is  unscrewed 
to  allow  a  little  petrol  spirit  to  fall  through  the  opening  o,  on  to  the 
lantern  P,  and  is  completely  removed  to  clean  the  spirit  intake  tubes. 
In  a  recent  type  of  the  Loyal  carburetter,  Fig.  110,  the  petrol 
spirit  contained  in  tank  K  flows  around  the  needle  M  O  in  drops 
which  can  be  seen  through  the  opening  R,  and  falls  through 
orifices  U  into  the  mixing  chamber  L  The  air  sucked  by  the 
motor  arrives  through  pipe  V  mounted  on  the  casing  X,  and  fur- 
nished with  a  regulating  valve  S.  The  mixture  thus  formed  is 
completed  in  passing  through  the  wire  gauzes  Z,  and  then  goes  to  the 
motor  cylinder. 

In  the  Bouvier-Dreux  or  IJorcy  carburetter  (Fig.  Ill)  the  petrol 
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spirit  is  kept  at  a  permanent  level  in  the  tank  B  by  the  float  C  fur- 
nished with  a  needle  D,  which  commands  the  opening  of  the  inlet 
pipe,  and  a  level  indicator  J;  this  level  is  established  through 
channel  E  in  the  nozzle  F  at  1  mm.  (0*04  in.)  below  its  orifice. 
Around  this  nozzle  are  three  spiral  grooves  which  force  the  air 
sucked  by  the  motor  through  pipe  G  to  acquire  a  gyratory  motion ; 
at  the  same  time,  under  the  influence  of  suction,  a  small  amount 
of  petrol  spirit  issues  from  nozzle  F,  is  agitated,  and  mixes  with  the 
eddying  air.     To  make  the  mixture  intimate  the  complemental  air 


'-V-V,  ' 


Fig.  111. — BorvHR-DKEux  oa  Dorey  Carburetter. 

supply  and  the  current  of  enriched  air  break  against  the  vanes  of  two 
little  turbines  H  H^  situated  in  the  chamber  above  the  nozzle ;  these 
turbines  turn  very  rapidly  owing  to  the  suction  of  the  motor  through 
a  pure  air  inlet  valve  not  shown  in  Fig.  Ill,  but  which  is  placed 
symmetrically  as  regards  the  pipe  1,  through  which  the  charge  passes 
to  the  motor.  At  starting,  this  air  inlet  valve  is  gradually  opened 
until  the  best  mixture  is  obtained.  Air  previously  heated  by  the 
motor  can  be  admitted  through  pipe  G  to  aid  the  vaporisation  in 
cold  weather. 

The  Jupiter  carburetter  has  points  of  similarity  with  the  pre- 
ceding, it  having  a  permanent  level  by  float  and  helicoidal  grooves 
around  the  petrol  spirit  intake  nozzle,  and  there  are  palettes  in  the 
mixing  chamber. 

The  Huzelstein  carburetter  (Fig.  112)  is  known  favourably  on  the 
J  2 
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Continent,  and  in  it  the  supply  of  petrol  spirit  is  determiuecl  by  a 
spring-eontroUed  nccdle-valve,  actuated  by  atmospheric  pressure  when 
a  partial  vacuum  is  created  in  a  closed  cliambor  which  is  in  com- 
munication with  the  motor  cylinder  during  the  piston's  suction  stroke. 
A  cylindrical  chamber  is  closed  at  the  upper  end  by  a  cap  containing 
holes,  a  a,  which  admit  air, 
and  atiixed  axially  to  this  cap 
is  a  stem  or  tube  in  con- 
nection with  the  supply  pipe 
E,  leading  from  the  petrol 
supply  tank  situated  above. 
The  admission  of  petrol  is 
controlled  primarily  by  the 
screwed  needle-valve,  which 
can  be  given  any  desired 
opening,  the  amount  of  this 
being  indicated  by  a  finger 
attached  to  the  handle  mov- 
ing over  a  graduated  disc. 
Within  the  cylinder  is  a 
valve  attached  to  a  spindle 
and  held  up  to  its  seat  by  a 
spring  upon  the  spindle.  The 
upper  part  of  the  cylindrical 
chamber  is  surrounded  by  a 
jacket  which  couimuniaites 
with  the  exhaust,  the  lower 
part  being  in  communication 
Fig.  112.-HUZM.STEIN  CAEBUHirrEB.  ^''th     thc     motoT     Cylinder 

during  the  intake  stroke. 
The  bottom  cap  of  the  cylindrical  chamber  is  perforated  and 
fitted  with  a  rotating  disc,  so  as  to  vary  the  area  of  the  air 
inlet  holes  and  in  consequence  the  amount  of  air  admitted,  Tlie 
action  is  thus:  The  upper  needle- valve  is  opened  by  turning  the 
handle  to  admit  a  certain  quantity  of  petrol  spirit;  on  the  suction 
stroke  of  the  motor  the  middle  valve  drops,  opening  the  needle-valve, 
and  also  by  the  partial  vacuum  thus  formed,  allowing  air  to  enter  at 
a  a.  The  air  and  petrol,  entering  the  upper  part  of  the  chamber 
which  is  heated  by  the  exhaust  gases,  are  heated  quickly  and  the 


CARBURETTERS    FOR    yETROL    MOTORS.  133 

petrol  spray  is  vaporised.     A  further  supply  of  fresh  air  is  obtained 
through  the  orifice  in  the  lower  part  of  the  chamber,  the  charge 


passing  to  the  motor  through  A.      This  carburetter  acts  well  when 
new,  but  the  tapping  action  of  the  pointed  pin  in  the  bottom  of 


Fig.   lU,— Dt-ii- 


tho  tire   tube   has  a   tendency  to   cause   leakage   and  the  ultimate 
destruction  of  the  oil  outlet. 

The  Pretot  carburetter  is  a  double  chamber,  having  adjustable 
oritices,  for  the  admission  of  air ;  within  the  inner  chamber  is  a 
bell-valve  which   has  a   stem   tenninating   in  a   needle-valve.     The 
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action  is  as  follows :  On  the  suction  stroke  the  bell-valve  rises,  and 
petrol  spirit  flows  up  through  the  needle-valve  and  under  the  lips 
of  the  bell-valve ;  then  it  mingles  with  the  air  in  the  mixing 
chamber,  and  the  mixture  passes  to  the  motor  cylinder. 

The  Creek  or  Capel  carburetter,  which  is  known  also  as  the 
Johnston,  is  shown  in  section  by  Fig.  113.  The  spirit  is  fed  to  a 
needle-valve  B  regulated  by  F,  and  an  in- 
duction valve  A  normally  prevents  its  flow 
into  the  spiral  chamber  C  around  tube  E ; 
through  this  tube  is  led  part  of  the  exhaust 
gases.  The  induction  valve  A  opens  auto- 
matically at  each  suction  stroke  of  the  piston, 
and  in  so  doing  allows  the  spirit  to  pass ;  this 
is  taken  up  by  the  entering  air,  and  an  inti- 
mate mixture  is  effected  on  its  way  to  the 
motor  through  pipe  D.  G  shows  a  drain  cock. 
This  resembles  the  Martha  device,  p.  14H. 

The  Duryea  carburetter  is  a  float-feed 
device,  and  very  simple  in  design.  The  petrol 
spirit  is  gravity  fed  by  the  tank  through 
gauze  G  to  the  needle-valve  F  E,  directly 
operated  by  float  D,  kept  central  by  guides  H. 
This  is  the  simplest  possible  float  regulation. 
The  needle-valve  B  regulates  the  admission 
to  mixing  tube  0,  where  the  spirit  mixes 
with  the  air,  of  which  there  is  an  adjustable 
Fi^.  116,— Knai'f.v  supply.       The  aiTangenient   is   unusual,  but 

appears  to  be  quite  efficient. 
The  Knapcn  carburetter  (shown  in  section  by  Fig.  115)  has  not  yet 
been  much  used,  it  is  thought,  but  it  presents  a  means  of  regulating 
the  flow  of  spirit  that  is  novel.  The  regulator  comprises  two  valves, 
one  a  ball-valvo  B,  working  in  chamber  A,  and  a  valve  C;  spirit 
enters  at  K ;  through  C  passes  with  eas\'  friction  a  rod  D. 
carrjHng  a  stop,  the  little  collar  below  B.  and  a  disc  H,  the  latter 
closing  the  air  [jassage  of  the  carburetter.  The  size  of  chamber  A 
is  regulftterl  by  screw  E.  All  the  valves  are  maintained  in  position 
by  means  of  springs  as  showu.  The  device  works  as  follows.  It  is 
attached  to  the  motor  suction  pipe  at  G,  when  the  suction  phase 
begins,  and  owing  to  the  consequent  reduction  of  pressure  the  disc  H 
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is  forcibly  attracted,  carrying  with  it  the  rod  I) ;  then  the  ball-valve 
B  falls,  thus  isolating  in  the  chamber  A  an  exactly  predetermined 
quantity  of  spirit.  The  rod  continuing  to  descend,  its  collar  stop  dis- 
places valve  C,  and  permits  the  spirit  to  escape  and  mingle  with  the 
air  sucked  in.  A  small  quantity  of  air  is  at  the  same  time  sucked 
in  through  hole  F,  and  serves  to  efficiently  vaporise  the  spirit. 

In  the  float-feed  spray  carburetter  employed  on  the  10  h.p. 
Autocar  tonneau,  an  American  vehicle,  there  is  an  arrangement  for 
automatically  varying  the  richness  of  the  mixture  while  throttling 
the  inlet  on  the  motor.    The  spraying  chamber  is  in  two  unequal 


parts,  and  the  air  enters  near  the  bottom  and  passes  into  both  of 
them.  In  the  centre  of  the  larger  chamber  is  the  spraying  nozzle. 
A  cup  with  a  central  spindle  adapted  for  turning  it  is  mounted  in 
the  upper  portion  of  the  carburation  chamber,  the  bottom  of  the 
cup  resting  on  the  vertical  partition  and  being  cut  out  so  as  to  form 
an  opening  projecting  over  each  side  of  it.  Regulation  is  effected 
by  turning  the  spindle  controlling  the  cup.  The  parts  are  so 
proportioned  that  when  turned  to  restrict  the  total  delivery  of 
gas,  the  size  of  the  fresh  air  opening  relative  to  the  mixture  opening 
is  reduced  also,  the  richness  of  the  gas  thereby  being  increased. 
The  carburetter  is  warmed  by  leading  the  air-inlet  pipe  under  the 
motor  water  tank,  which  gives  ofl'  sufficient  heat  after  the  motor 
has  been  running  for  a  short  time. 

The  De  Dietrich  new  carburetter  provides  very  simple  means  of 
regulating   the   amount  of  carburetted   mixture   supplied ;   in  other 
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respects  the  device  is  constructed  on  ordinary  lines.  Fig.  116  shows 
a  section  of  the  carburetter;  the  air  comes  through  A,  and  the 
petrol  spirit  through  B.  The  needle- valve  with  stem  E  is  regulated 
by  nut  and  spring  M,  and  is  controlled  by  the  float  D  by  means 
of  the  forked  lever  F.  The  spirit  is  ejected  from  G,  the  air  rushing 
from  A  through  H  intimately  mixes  with  it,  and  the  charge 
passes  to  the  motor  through  pipe  I  on  the  pulling  out  sufficiently 
of  a  throttling  or  governing  tube  at  the  end  of  lever  L,  controlled 
by  the  driver's  pedal. 

A  sliding  sleeve  also   is  employed   as  a  throttler  in   the   new 
Richard-Benz  carburetter  used  on  the  Benz  1903  cars. 


Fig.  117. 

Fig.  117. — Bradlby-Pidobon  Induc- 
tion AND  Auxiliary  Valves. 

Figs.  118  and  119. -^Singer  Bicycle 
Carburetter. 
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Fig.  118. 


Fig.  110. 


The  Bradley- Pidgeon  carburetter  is  mentioned  in  a  paper  read 
before  the  Institute  of  Mechanical  Engineers  by  Captain  C.  C. 
Longridge,  who  notes  that  manufacturers  have  recognised  the  dis- 
advantages of  the  "aspiration"  carburetter,  in  which  the  spirit  is 
drawn  from  a  jet  communicating  with  a  constant  level  source  of 
supply;  owing  to  the  force  of  the  piston  suction  varying  with  the 
motor  speed,  the  supply  is  faulty,  rich  charges  being  obUiined  when 
the  motor  races,  and  poor  charges  when  it  slows  down  from  overload, 
the  reverse  of  what  should  be  the  case.  Messrs.  E.  F.  Bradley  and 
W.  R  Pidgeon  attempt  to  so  adjust  the  supply  that  the  lower  the 
speed  the  richer  is  the  mixture,  the  object  being  to  get  the  maximum 
power  at  whatever  reasonable  speed  the  motor  may  be  running.  As 
it  is  difficult  to  adjust  so  small  a  thing  as   the  spirit  jet  hole,  a 
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small  air-spring  valve  (H,  Fig.  117)  is  inserted  in  the  air-pipe 
between  the  carburetter  and  the  induction  valve.  The  auxiliary 
valve  opens  wider  and  wider  as  the  motor  speed  increases,  closing 
again  as  it  decreases,  thus  decreasing  or  increasing  the  suction  in 
the  spirit  jet.  This  device  has  been  tried  before.  In  Fig.  117,  giving 
ii  section  of  the  motor  head,  induction  valve,  etc.,  on  the  Bradlej- 
Pidgeon  principle,  A  is  the  induction  valve  recoil  spring,  B  the 
valve  stem  head,  C  the  valve  stem,  D  adjustable  guide  to  the  valve 
.stem,  E  lock  nut  to  D,  F  main  induction  spring,  and  H  the  auxiliary 
valve  already  mentioned. 


Figg.  120  and  12t.-G.\tTlEH  C 

The  carburetter  used  on  the  Singer  motor  bicycle  (nee  p.  7(iO)  is 
a  compromise  between  the  surface  and  spray  types,  and  in  it  is 
avoided  the  necessity,  present  in  earlier  forms,  of  continually 
adjusting  the  air  admission  lever;  in  the  first  Singer  motor  wheel 
the  rider  had  to  dismount  for  this  purpose,  though  only  occasionally. 
Figs.  118  and  119  are  side  and  end  views  of  the  modem  tank  A  and 
carburetter  It,  separated  by  a  horizontal  plate  on  which  is  mounted 
a  three-way  throttle  valve  for  the  chinmcy  H,  petrol  valve  E,  and 
mixture  pipe  K  to  pass.  The  spirit  passes  from  tank  to  carburetter 
through  needle-valve  E,  and  squirts  out  through  the  tiny  holes  FF 
in  the  valve  mount  on  to  a  fixed  cork  block  C,  over  which  it 
trickles  to  the  bottom  of  tho  carburetter.     When  it  rises  sutliciently 
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the  lever  fixed  to  the  lower  block  of  cork  D  closes  valve  E,  and 
stops  the  supply  of  spirit.  Air  is  brought  from  G  through  chimney 
H,  and  as  it  mixes  with  the  vaporised  spirit  it  rises  through  orifice 
K  into  the  combined  throttle  and  mixing  valve  L,  where  additional 
air  mingles  with  it  according  to  whether  the  opening  M  is  fully 
open  or  partly  closed  by  shutter  N.  This  shutter  has  connecting  rods 
operated  by  a  lever  near  the  rider's  hand.  The  mixture  passes  to 
the  motor  through  P.  The  baffle  J  prevents  the  spirit  splashing 
out  direct  from  the  bottom  of  the  carburetter  to  the  opening  K. 

Certain  carburetters  unite  in  one  appliance  the  peculiar  features 
of  the  three  classes  above  described,  but  of  this  fourth  class  only 
one  device — the  Gautier  carburetter  employed  for  David  cars — will 
be  mentioned.  It  is  illustrated  by  Figs.  120  and  121,  in  which  A 
is  the  inlet  for  the  petrol  spirit,  whose  delivery  is  regulated  by 
the  double  diaphragm,  which  prevents  the  section  of  the  flow  of 
the  petrol  spirit  from  being  enlarged  appreciably  by  contact  with 
the  valve  K,  which  rests  only  on  the  exterior  diaphragm.  Valve  K, 
which  regulates  the  delivery  of  the  petrol  spirit,  opens  at  the 
proper  instant,  under  the  action  of  the  current  of  air  caused  by 
suction.  The  petrol  spirit  falls  on  the  saucer  F,  and  thence  into 
the  tank  H,  above  which  is  the  pipe  G,  supported  by  a  ring  at 
such  a  height  that  only  its  lower  edge  is  in  contact  with  the 
petrol  spirit.  The  air  sucked  through  I  circulates  in  chamber  L, 
and  makes  a  surface  contact  with  the  petrol  spirit  in  the  saucer  F, 
the  mixture  then  passing  to  the  cylinder  through  E. 

In  the  carburetters  hitherto  described  the  petrol  essence  arrives 
simply  by  gravitation,  whereas  in  some  others  mechanical  devices 
are  employed,  these  being  known  as  mechanical  distributors. 
Thus,  in  the  Klaus  carburetter,  the  petrol  spirit  is  injected  by  aid 
of  a  pump,  which  is  worked  by  the  motor  cylinder  exhaust  valve 
cam,  and  driven  back  after  each  piston  stroke  by  a  spring. 

The  Henriod  distributor-carburetter  is  thus  named  because  it 
mechanically  distributes  at  each  suction  of  the  cylinder  piston  a 
volume  of  petrol  spirit;  this  volume  is  fixed  by  regulating  the 
apparatus,  and  does  not  depend  upon  the  temperature  at  which 
carburetting  is  effected,  contrary  to  what  occurs  in  ordinary  car- 
buretters. In  the  cylindrical  body  of  the  apparatus  arc  two  valves, 
normally  pressed  upon  their  seats  by  springs;  the  top  screwed 
extremity  of  one  valve  rod  has  a  nut-disc,  into  which  a  regulating 
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screw  enters  vertically.  The  second  valve  has  a  hollow  rod,  which 
can  slide  between  the  solid  valve  rod  and  a  cylindrical  casing.  In 
the  casing  a  little  below  the  second  valve  is  a  circular  compartment, 
which  is  in  permanent  communication  with  the  petrol  spirit  tank 
by  means  of  an  orifice.  As  soon  as  suction  is  produced  in  the 
cylinder,  the  valve  with  the  solid  rod  falls,  alone  at  first ;  and  then, 
w^hen  the  screw  referred  to  comes  into  contact  with  the  second  valve- 
rod  (and  contact  takes  place  more  or  less  rapidly,  according  to  the 
depth  the  screw  has  been  sunk  in  the  nut  at  the  time  of  regulating), 
the  two  valves  move  together.      The  combined  two  valves  stop  as 


Fig.  122. — Oldsmobile  Carburettvr. 

soon  as  the  nut-disc  of  the  first  touches  the  cylinder  below.  Whilst 
the  second  valve  is  raised  from  its  seat,  the  petrol  spirit  flows 
into  circular  grooves  made  in  the  cap  of  the  same  valve.  There 
it  is  in  contact  with  hot  air  admitted  by  a  first  row  of  orifices. 
The  mixture  passes  to  a  chamber  underneath,  where  is  added  a 
suitable  amount  of  fresh  air.  The  amount  of  liquid  which  enters  the 
apparatus  each  time  is  thus  regulated  by  the  nut-disc  and  its  screw. 

Like  the  apparatus  just  described,  the  Brillie  distributor 
mechanically  distributes  petrol  spirit,  but  instead  of  introducing  a 
iixed  quantity  each  time  and  preparing  the  carburetted  mixture 
with  it  as  an  ordinary  carburetter  does,  it  measures  each  time,  under 
control  of  the  regulator,  the  requisite  liquid  for  the  charge,  the 
mixing  in  air  being  effected  in  the  pipe  from  the  distributor  to 
the  cylinder,  and  in  the  cylinder  itself.      Quantities  of  the  petrol 
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spirit  are  measured  in  the  Brillie  distributor  as  follows: — A  single 
plug,  with  equidistant  pockets  on  the  circumference,  turns  in  a 
seat  communicating  with  the  petrol  spirit  tank.  Each  pocket, 
when  filled  with  liquid,  is  brought,  by  rotation  of  the  plug,  opposite 
an  orifice  which  communicates  with  the  motor  by  an  orifice  and 
a  strainer.  Rotation  is  caused  by  a  pawl-and-ratchet  gear  which 
governs  the  motor  shaft  by  a  connecting  rod  of  the  regulator. 
If  the  regulation  speed  is  exceeded,  a  tripping  device  stops  both 
rod  and  distributor,  and  the  supply  of  petrol  spirit  ceases.  By 
giving  more  or  less  play  to  a  spring,  a  lever  allows  the  motor  to 
perform  a  greater  or  lesser  number  of  revolutions  (250  to  1,000 
per  minute).  Thus,  the  amount  of  petrol  spirit  for  each  cylinder 
charge  is  just  what  is  required  for  uniform  carburetting,  com- 
plete combustion,  and  the  avoidance  of  odour.  This,  at  least,  was 
the  inventor*s  object,  and  time  will  tell  whether  he  has  fully 
succeeded.  The  Brillie  carburetter  may  be  described  as  a 
distributor  with  which  carburetting  is  effected  in  the  suction 
chamber.  The  application  of  the  device  to  the  Gobron-Brillie  two- 
cylinder  petrol  motor  is  described  on  pp.  245  to  247. 

The  Oldsmobile  carburetter  is  an  ingenious  American  contrivance, 
designed  with  a  view  to  having  the  petrol  spirit  tank  below  the 
level  of  the  mixing  chamber,  whilst  at  the  same  time  ensuring  the 
conveniences  of  a  gravity  feed.  A  small  vertical  cylinder  A,  Fig.  122, 
extends  from  the  bottom  of  the  tank  to  a  point  above  engine 
level.  A  diaphragm  pump  B  supplies  spirit  from  the  tank  to  an 
annular  chamber  in  the  top  of  cylinder  A,  and  a  pipe  C  from 
the  upper  side  of  B  is  connected  to  the  enclosed  crank  chamber 
of  the  single-cylinder  horizontal  motor,  and  the  vibrations  of  the 
diaphragm  are  produced  by  pressure  variations  in  the  crank  chamber. 
Cylinder  A  contains  a  lifter  connected  by  a  rod  to  the  handle  1) 
for  starting  the  engine  before  the  diaphragm  pump  can  work. 
Raising  the  hai;idle  causes  the  annular  space  or  reservoir  before 
mentioned  to  be  filled  wuth  petrol,  which  then  passes  through  a 
sloping  pipe  to  the  intake  E,  where  it  dribbles  down  an  inverted 
cone  F,-  and  is  caught  and  vaporised  by  the  inrushing  air.  The 
intake  is  controlled  by  a  throttle  G,  and  the  flow  of  spirit  is  regu- 
lated by  a  needle- valve  H  w^ith  rod  J.  The  pipe  K  conducts  back 
to  the  tank  any  unvaporised  spirit  dripping  from  the  cone  inune- 
diately  above  it. 


CARBURETTERS   FOR   PETROL    MOTORS.  141 

The  Krebs  carburetter  of  the  latest  type  employed  on  the  new 
Panhard  and  Levassor  ears  varies  the  quantitj'  of  auxiliary  air 
drawn  into  the  carburetter  for  the  purpose  of  diluting  the  charge 
automatically  according  to  the  suction  of  the  motor.  To  effect 
this,  a  sliding  sleeve  is  fitted  inside  a  cylinder,  into  which  the 
auxiliary  air  is  drawn  through  holes  in  the  cylinder  wall 
Nonnally  the  sleeve  closes  the  holes,  and  is  connected  with  a 
piston  and  diaphragm  in  such  a  manner  that  the  formation  of 
a  partial  vacuum  beneath  them  displaces  the  sleeve,  and  admits 
air  in  quantity  depending  upon  the  degree  of  vacuum  obtained. 
The  current  of  air  which  passes  round  the  spirit  nozzle  and  sprays 
the  spirit  is  maintained  practically  independent  of  the  general  air 
supply.  This  overcomes  the  disadvantage  of  the  ordinary  car- 
buretter, in  which,  when  the  motor  runs  very  slowly,  or  when  the 
throttle  valve  is  nearly  closed  and  the  piston  suction  is  corre- 
spondingly less,  the  amount  of  spirit  injected  into  the  mixing 
chamber  is  reduced.  By  diminishing  the  auxiliary  air  supply, 
however,  the  vacuum  in  the  mixing  chamber  is  kept  constant,  and 
the  richness  of  the  mixture  remains  the  same.  The  new  car- 
buretter, also,  has  its  mixing  chamber  jacketed  with  the  motor 
cooling  water.  The  object  gained  is  a  constant  degree  of  carbura- 
tion  at  all  speeds,  each  active  piston  stroke  developing  the  same 
amount  of  power,  and  the  total  power  of  the  motor  consequently 
is  directly  proportional  to  its  speed.  Also,  carburation  can  be  kept 
at  its  lowest  possible  limits,  and  it  is  perfectly  automatic  and 
independent  of  variations  in  the  atmospheric  temperature.  The 
carburation  is  always  good.  The  usual  dash-board  adjustment  for 
additional  air  and  a  special  hot-air  feed  are  not  needed:  the 
warming  of  the  mixing  chamber  with  the  motor  jacket  water 
maintains  a  constant  temperature.  The  motor  can  be  run  at  a 
very  low  speed  without  lowering  its  efficiency.  For  instance,  as 
the  Aufomotor  Journal  states  the  case,  if  the  chimge-speed  lever 
is  put  on  the  third  speed,  which  ordinarily  might  give  a  speed  of 
50  km.  (31  miles)  per  hour,  and  it  is  desired  to  run  at  only  one- 
tifth  of  that  speed,  the  speed  of  the  motor  is  reduced  to  one-fifth, 
say  from  1,000  to  200  revolutions  per  minute;  of  course,  the  total 
output  is  diminished,  but  the  power  of  each  stroke  remains  the 
sama  The  new  Krebs  carburetter,  then,  goes  far  to  supplying  one 
of  the  chief  needs  of  the  petrol  motor — flexibility. 
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A  (letftiled  description  of  the  new  Krebs  carburetter,  which 
13  employed  on  the  Panhard  and  Levassor  cars,  may  now  be 
given.  Fig.  123  is  a  general  view,  and  Fig.  124  may  be  regarded 
as  a  mere  explanatory  diagram,  not  drawn  to  scale,  showing  a 
section  of  the  carburetter.  Petrol  spirit,  E,  comes  from  the  tank 
atttiched  to  Z,  passes  through  rilter  I  (access  to  which  is  by 
unscrewing  cap  N),  and  rises  into  the  float-feed  chainber  B,  main- 
taining a  constant  level  in   the   nozzle  pipe  D.     The  motor  sucks 


through  tube  A  a  volume  of  air,  and  this  causes  the  ejection  of  a 
quwitity  of  petrol  through  tlie  nozzle ;  the  quantity  ejected  is 
determined  by  the  degree  of  vacuum  produced,  and  is  adjusted  to 
give  proper  carburation  at  a  speed  of  200  revolutions  per  minute 
when  no  auxiliary  air  enters  the  mixing  chamber,  C.  The  mixture 
passes  to  the  motor  through  U.  For  speeds  above  that  mentioned, 
the  additional  air  enters  by  the  apertures  M  (shown  clearly  in 
Fig.  123),  and  joins  the  mixture.  The  degree  of  vacuum  produced 
in  the  carburetter  by  the  intake  stroke,  duo  to  the  displacement 
of  the  piston,  bears  direct  relationship  to  the  motor  speed,  apart 
from  the  effect  of  the  throttle- valve  G;   and  it  ia  this  relationship 


OABBURETTEBS    FOR    PETROL   MOTORS.  143 

which  controls  the  degree  to  which  the  additional  apertures  M 
open.  To  effect  this,  there  is  a  valve  K,  resembling  that  employed 
for  controlling  the  motor  speed.  The  ordinary  horizontal  throttle 
G,  controlled  by  a  centrifugal  force  governor,  simply  regulates  the 
admission  of  the  charge  to  the  motor  cylinder;  at  one  end  it  has 
a  number  of  V-shaped  notches  for  the  purpose  of  gradually  open- 
ing the  inlet,  and  permitting  the  supply  of  gas  to  pass  into  the 
intake  pri^essively ;  this  arrangement  has  nothing  special  about  it. 


Kg.    124,— SBCTIOS    Ot    KkEBB   CiRlirHBTTEtl. 

and  Fig.  124  shows  its  construction  sufficiently.  The  driver  can  as 
usual  regulate  the  action  of  the  opposing  spring  in  the  throttle 
independently  of  the  governor  action.  At  starting,  the  governor 
keeps  the  throttle  fully  open,  and  a  full  charge  enters  the  cylinder. 
In  a  second  or  so,  the  governor  comes  into  play,  and  through 
rod  H  operates  the  throttle  so  as  to  close  the  intake.  The  throttle- 
valve,  then,  is  a  governor-operated  cock,  further  controlled  by  the 
driver.  The  vertical  auxiliary  air- valve  K  is  controlled  by  the 
amount  of  vacuum  pro<luced  in  the  carburetter,  and  its  movements 
correspond  more  or  less  with  those  of  the  throttle ;  its  controlling 
rod  is  surmoimted  by  the  large  disc  Q,  mounted  in  ease  O  by  an 
indiarubber  flexible  diaphragm.      The  whole  arrangement  is    air- 
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tight,  but  a  hole,  2  mm.  ("078  in.)  in  diameter,  is  made  at  S  in 
the  cover,  so  that  when  the  disc  Q  is  dra\vn  in  by  the  motor 
suction  and  retreats  from  the  cover,  the  chamber  between  disc  and 
cover  is  filled  comparatively  slowly  with  air  which  enters  through 
the  hole  S;  the  volume  of  this  chamber  increases  slightly,  as  a 
part  of  its  walls  is  formed  of  the  indiarubber  diaphragm.  Corre- 
spondingly, when  the  suction  stroke  has  ceased,  the  air  passes  out 
from  the  chamber  relatively  slowly  through  S,  when  the  spring  R 
brings  back  the  disc  Q  to  its  original  position.  This  disc  must  be 
fairly  large,  so  that  valve  K  may  move  at  every  slight  variation  in 
the  degree  of  vacuum  produced ;  but  the  hole  S  must  not  be  large, 
or  the  movement  of  the  disc,  when  the  apertures  M  open,  would 
be  too  sudden  and  intermittent  at  high  speeds,  and  the  spring 
action  would  not  be  prompt  enough,  owing  to  the  inertia  of  the 
parts.  On  the  contrary,  in  the  arrangement  as  it  stands,  the 
valve  K  is  practically  in  unstable  equilibrium,  like  the  beam  of  a 
balance,  one  of  its  arms  being  subjected  to  the  force  due  to  the 
partial  vacuum,  and  the  other  to  the  force  of  the  spring.  With 
the  hole  S  made  small,  a  brake  or  dash-pot  effect  is  produced,  this 
preventing  hunting  and  vibration.  Importance  is  attached  to  the 
shape  of  the  apertures  M,  through  which  the  additional  air  comes. 
Their  form  is  claimed  to  be  mathematically  exact,  and  to  have 
the  effect  of  maintaining  the  admission  and  carburation  constant 
and  adequate,  no  matter  what  the  variations  in  the  partial  vacuum 
may  be.  V  is  the  hot- water  connection,  and  T  the  attachment  lug. 
The  convenience  of  having  carburetters  that  could  deal  with 
heavy  oils  as  well  as  with  petrol  spirit  has  been  referred  to  by 
Captain  Longridge.  A  number  of  combination  devices  for  the  double 
purpose  have  appeared  lately,  but  experience  is  still  wanting  as  to 
their  efficiency.  According  to  Captain  Longridge,  Russian  oils  are 
sufficiently  pure  to  require  no  more  preparation  than  atomising  and 
vaporisation  effected  by  an  easy  appUcation  of  heat.  Indeed,  it 
appears  doubtful  whether  even  vaporisation  is  needed  or  mere 
spraying  would  not  suffice.  Mr.  James  Roots  has  found  by  experi- 
ment when  oil  is  sprayed  into  a  working  cylinder  that  the  essential 
thing  is  ignition,  as  the  oil  is  fired  as  spray  and  is  not  vaporised, 
and  that  once  the  ignition  begins  the  flame  passes  almost  as  nipidly 
through  the  particles  of  sprayed  oil  as  through  a  completely  vaporised 
and  mixed  charge.     With  American  oils  it  might  not  be  so  easy  to 
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get  satisfactory  results  without  special  vaporisers.    These  oils  are 
"cut"  differently,  and  contain  waxy  and  resinous  compounds  that 
in  long  and  continuous  running  would  form  deposits  on  the  wftlls 
and  valves.     The  conditions 
for  successful  use  appear  to 
be :    uniform    delivery    of 
minutely  atomised  oil  in  cor- 
rect proportion,  high  cylinder 
temperature,  no  condensation 
by  contact  with  cool  surfaces, 
and   sufficient  time  for  com- 
bustion.    For  alcohol,  similar 
conditions,  with  higher  com- 
pression, appear  best  suited 

For  vaporising  petroleum, 
which  is  much  less  volatile 
than  petrol  spirit,  two  extra 
aids  have  been  employed ; 
these  extra  aids  were  (a)  the 
heat  furnished  by  a  petro- 
leum lamp  (or  the  heat  pro- 
duced by  the  working  of  the 
motor  sometimes  is  used  in- 
stead), and  (b)  the  use  of  a 
pump  which  injects  at  each 
of  its  strokes  the  requisite 
amount  of  petroleum.  , 

Modem  methods  of  em- 
ploying heavy  oil  in  the  place 
of  spirit  may  be  described 
briefly  as  (1)  converting  the 
oil  into  vapour  outside  the 
motor  cylinder,  which  then 
may  be  swd  to  work  as  an 
oil-gas  engine  having  a  lower 
output  than  if  spirit  were  used,  and  (2)  heating  the  air  to  a  com- 
paratively high  temperature  and  spraying  the  oil  into  it,  this  also 
reducing  the  work  output.  The  Fillet  carburetter,  introduced  at  the 
Paris  Salon  of  1901,  and  whose  improved  form  is  described  below, 


Figa.  125  and  126,— Sectiom  and  Plan 

FiLLIT    CaRBUKETTIH. 

Fir.  127.— Section   of  Spratiso  Sozz 


146  TEE    AUTOMOBILE. 

accomplishes  the  above  object  by  heating  the  oil  itself  until  it  answers 
for  all  practical  purposes  as  if  it  were  spirit.  This  method  increases 
instead  of  diminishing  the  output  of  the  motor.  Petrol,  alcohol,  or 
ordinary  paraffin  oil  can  be  used  in  the  carburetter,  but  it  is  specially 
designed  for  use  with  the  last  named,  so  as  to  give  greater  convenience, 
safety,  and  economy  than  when  the  more  volatile  and  expensive  spirit 
is  employed.      Fig.  125  is  a  vertical  section  and  Fig,  126  ft  plan  ot 


Fig:.  128. — GiBRos  Cakbl-rctteh,  fig.  129.— Fauhb  I'etkolevh  Cabbvuettrh. 

the  device  which  actually  is  a  float-feed  spray  carburetter  having  two 
float-feed  chambers ;  in  a  prolongation  below  the  spraying  chamber  is 
an  exhaust-jacketted  worm  used  only  with  the  heavy  oil  Referring 
to  Figs.  125  to  127  (Fig.  127  being  a  section  on  z  y.  Fig.  126)  A  is  the 
motor  intake  pipe,  B  is  a  nozzle  which  throws  the  liquid  gainst 
the  spherical  end  of  rod  C,  whose  position  is  controlled  by  the 
milled  head,  D,  this  r^ulating  the  d^;ree  of  pulverisation  accord- 
ingly. Between  nozzle  B  and  sleeve  E  air  is  admitted  through 
holes  F  communicating  with  jacket  G.  The  additional  air 
required  comes  through  two  holes,  H  and  J,     A  sleeve  connected 
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with  handle  K  has  corresponding  holes  so  arranged  that  more  or 
less  cold  air  is  admitted  directly  through  J,  and  more  or  less  hot 
air  through  H,  according  to  the  position  of  handle  K.  The 
jacket  G  has  a  row  of  holes  at  the  top  and  another  row  L  at  the 
bottom,  and  either  set  can  be  opened  or  closed  to  a  greater  or  less 
extent  by  moving  outside  perforated  rings  regulated  by  handles  M 
and  N ;  the  air  supply  is  warmed  by  opening  the  lower  set  of  holes 
and  cooled  by  opening  the  top  set.  Intermediate  positions  of  the 
handles  give  intermediate  temperatures.  Float  chamber  O  com- 
municates directly  with  space  P  below  nozzle  B,  whilst  float  chamber 
Q  communicates  with  vertical  pipe  R,  down  wliich  flows  the  heavy 
oil,  ascending  through  the  exhaust-heated  coil  S  to  the  base  of  the 
nozzle.  Exhaust  gases  enter  by  pipe  T,  pass  up  outside  the  worm 
S  out  through  holes  U  and  down  through  jacket  V,  finally 
escaping  to  the  atmosphere  by  an  aperture  (not  illustrated)  in  the 
casting  W.  The  cock  X  drains  the  oil  from  the  coil.  The  bottom 
casting  holds  the  sleeves  forming  the  jacket  V  in  position,  and  by 
unscrewing  the  set  screw  Y  both  sleeves  and  casting  can  be 
removed  and  the  worm  inspected  and  cleaned.  Cocks  Z  and  Z^ 
control  communication  between  the  carburetting  chamber  and  the 
float  chambers  O  and  Q.  For  work,  the  float-feed  chamber  0  is 
connected  to  the  petrol  spirit  tank  and  the  other  chamber  Q  to  the 
paraffin  oil  tank.  Cock  Z*  is  opened  so  as  to  prime  the  coil,  and  the 
oil  rises  in  the  nozzle  B,  filling  up  the  pipe  R  and  the  worm  S. 
Cock  Z*  then  is  closed  and  drain  cock  X  opened  so  as  to  lower  the 
paraffin  oil  below  the  nozzle.  The  petrol  spirit  cock  Z  then  is 
opened,  and  the  motor  started  in  the  ordinary  way.  When  the 
motor  has  run  on  spirit  for  a  short  time  and  it  is  desired  to 
change  over  to  heavy  oil,  the  cock  Z  is  opened,  and  the  heavy 
oil  descends  through  pipe  R  and  rises  through  worm  S,  mingling 
at  the  same  time  with  the  petrol.  The  petrol  spirit  cock  Z  then 
may  be  turned  ofi*,  and  the  motor  run  on  the  oil  alone ;  although, 
if  desired,  the  two  fuels  can  be  used  together,  the  two  float-feed 
chambers  Q  and  0  working  conjointly. 

The  Gibbon  carburetter  for  petroleum  (Fig.  128)  has  a  valveless 
pump,  X  w,  which  injects  petroleum  through  x^  y^  from  tank  y  into  the 
atomiser  above.  This  atomiser  is  a  bell-mouthed  tube  u,  with  wings 
tt*  partly  entering  the  combustion  chamber,  of  which  it  forms  the 
igniter.  A  casing  fits  lightly  around  the  latter  and  prevents  its 
K  2 
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being  cooled  by  contact  with  the  cool  air.  At  starting,  it  ia 
heated  by  an  exterior  lamp,  and  afterwards  the  chai^  ignites  spon- 
taneously after  each  compression. 

In  the  Faure  carburetter  (shown  by  Fig.  129)  the  petroleum  is 
brought  by  the  pipe  p.  and  the  air  by  the  cap  a.  This  air  follows 
the  path  marked  in  the  figure  by  arrows,  flowing  through  the  com- 
partments divided  by  wire  gauze,  and  leaves  by  s  on  its  way  to  the  motor. 
The  lamp  I,  for  heating  the  tube  c,  which  ignites  the  cylinder  charge, 
also  heats  the  petroleum  contained  in  the  vessel  r.  This  lamp  is 
arranged  in  the  same  manner  as  the  burners  of  a  petroleum  furnace, 
and  carries  a  small  unstopping  needle  (-  At  b  is  seen  the  valve 
which  admits  the  air  necessary  to  complete  the  mixture. 


,Fig.  130. — Dawson  Cahburetteh, 

The  Dawson  carburetter  is  shown  in  section  by  Fig.  130 ;  it  has 
a  tubular  body  and  at  one  end  is  a  revolving  cap  containing  air 
holes  corresponding  to  the  air  holes  1  in  the  body :  this  cap  adjusts 
the  amount  of  air  which  enters.  The  baffle-block  3  causes  the  air  to 
pass  over  the  surface  of  a  cone,  and  to  go  through  a  restricted  passage 
formed  by  it,  and  also  it  provides  an  internal  and  stepped  conical 
chamber  into  which  the  oil  is  delivered.  An  engine-operated  pump 
feeds  to  the  needle-valve  2  oil  which  afterwards  passes  through  the 
small  channel  illustrated,  and  issues  from  the  centre  of  a  second 
ridged  cone,  which  serves  as  a  further  baffle  to  the  passage  of  the 
incoming  air.  The  carburetted  mixture  thus  formed  is  drawn  through 
the  wire  gauze  4  to  the  motor  cylinder. 

The  Martha  carburetter  is  suitable  for  heavy  oil  and  alcohol, 
and  its  improved  form  is  shown  by  Figs.  131  and  132.  Of  two 
types,  the    larger    is    hero    described.     The    mixing    chamber    A 
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contains  a  needle- valve  D,  normally  closing  the  jet  orifice  B; 
the  valve  is  adjusted  by  screw  E,  and  spirit  is  supplied  by  a 
float-feed  device.  The  valve  needle  has  a  flat  plate  (f,  which 
is  lifted  by  the  incoming  air  and  assists  in  the  formation  of  the 
mixture.  The  sleeve  a  forms  steps  in  the  mixing  chamber. 
The  mixture  passes  into  the  spiral  chamber  H  around  the  central 
exhaust  pipe  A  to  J,  which  communicates  with  the  motor.  The 
spiral  plate  forming  the  chamber  H  is  perforated  as  shown,  and 
as.<itstfi  by  warming  the  mixture  and  making  it  more  intimate;  in 
the   earlier  form  this  plate    was  not  perforated.      The  additional 


FigB,   131  and  132.— Mabtua  Carucmkttbk.  Fig.  133.— Dk  Vxtt  Cabukbtter. 

air  supplied  to  pipe  J  is  regdlated  by  a  perforated  ring  K 
Another  type  for  cycle  use  is  vertical,  but  it  is  on  the  same 
principle,  the  spiral  chamber  being  retained,  although  the  float- 
feed  is  suppressed,  and  the  spiral  plate  is  not  perforated. 

The  De  Retz  carburetter  for  alcohol  adopts  one  of  the 
features  found  in  the  Bouvier-Dreux  device,  p.  131.  In  one  type  (the 
B  model  shown  in  section  by  Fig.  133)  the  tap  A  controls  the 
passage  of  the  liquid  to  needle-valve  C;  the  rather  lai^e  spindle 
of  the  valve  carries  the  fan  I>,  which  is  lifted  by  the  incoming 
air,  and,  revolving  in  one  direction,  causes  the  upper  fan  E  to 
revolve  in  the  other  direction.  The  mixing  chamber  B  is  ex- 
hauBtrjacketed.  The  extent  of  the  valve  lift  is  adjusted  by 
altering    the    vertical    position    of    the    upper    fan    E.      The    air 
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enters  through  holes  G,  and  the  mixture  passes  to  the  motor 
through  H.  The  only  regulation  is  that  described  above,  and 
there  is  no  float-feed  or  similar  device. 

The  essential  parts  of  the  Gillet-Forest  carburetter  for  use  with 
either  petrol  spirit  or  alcohol  are  shown  in  Fig.  134,  which  illustrates 
a  section  taken  through  the  spraying  nozzle  and  motor  supply 
pipe,  this  section  cutting  off  the  float-feed  chamber  and  petrol 
arrival  pipe,  etc.,  which  are  of  the  usual  kind.  It  is  in  the  means 
of  regulating  the  temperature  of  the  air  supply  that  this  device  is 
interesting.  The  petrol  is  brought  to  pipe  A  and  ejected  from 
nozzle  B,  below  this  being  the  cup  C  to  catch  any  spirit  not 
pulverised.  The  stepped  spraying  cone  D  is  regulated  by  spring  E, 
and  by  the  screw  with  milled  head  F,  the  latter  being  kept  in 
position  by  spring  catch  G.  Hot  water  from  the  motor  jacket 
circulates  in  H.  The  special  device  is  the  three-way  cock  J. 
Hot  air  from  near  the  motor  exhaust  comes  through  the  pipe  K, 
cold  air  being  admitted  at  the  side  of  the  cock.  When  the  handle 
of  the  cock  is  down,  hot  air  alone  is  supplied ;  when  horizontal  in 
front,  only  cold  air;  when  vertical  above,  a  mixture  of  hot  and 
cold;  and  when  horizontal  at  the  back,  the  air  supply  is  cut  off 
entirely.  This  gives  great  facility  of  regulation,  and  should  conduce 
to  economy  and  efficiency.  The  charge  passes  to  the  motor  through 
pipe  L,  the  additional  cold  air  required  coming  in  quantity  auto- 
matically regulated  through  valve  M. 

The  Eoubeau  carburetter  is  designed  for  alcohol,  and  is 
shoAvn  in  section  by  Fig.  135.  The  alcohol  enters  at  the  adjust- 
able tap  A  to  jet  B,  in  which  are  several  0*25  mm.  (•01  in.) 
orifices.  Controlling  the  feed  inside  the  jet  tube  is  a  valve  C, 
whose  spindle  carries  above  the  jet  the  inverted  cone  D.  Normally, 
the  spring  E  holds  the  valve  C  on  its  seat,  the  cone  then 
nearly  closing  the  passage  of  the  air  which  enters  through  the 
holes  F  at  the  bottom  •;  the  size  of  these  holes  is  rendered  adjust- 
able by  a  perforated  disc  G.  The  mixing  chamber  H  is  tapered 
lightly,  and  its  upper  portion  J  is  corrugated  to  assist  the  mixing 
action.  As  the  motor  suction  draws  air  through  the  carburetter 
it  lifts  the  cone  and  simultaneously  allows  the  alcohol  to  flow 
through  the  jet ;  then  the  mixture  is  formed  under  the  cone  and 
during  its  passage  over  the  corrugated  surface,  and  it  then  passes 
to  the  motor  through  K.  The  richness  of  the  charge  is  regu- 
lated by  the  tap  at  the  bottom. 
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A  petroleum  carburetter,  known  as  the  Moorivood-Bennet.  recently 
was  in  successful  use  at  the  University  College,  Sheffield,  and  whilst, 
as  far  as  is  known,  this  is  not  applied  in  general  to  automobile 
purposes,  its  construction  is  such  as  to  make  its  description  here 
interesting.  One  of  the  principles  of  its  action  is  the  heating  of  the 
oil  instead  of  the  air,  the  latter  being  caused  to  percolate  through  the 


Fig'.  135.— EouBBAu 

oil  The  following  particulars  and  the  illustration,  Fig.  136,  are  taken 
from  the  Engineer.  The  carburetter  is  a  closed  cylindrical  vessel 
whose  lower  part  A  (Fig.  136)  has  two  openings  B  and  C,  one  com- 
municating with  the  engine  exhaust  and  the  other  with  the  atmosphere. 
The  upper  part  D  communicates  with  the  motor  cylinder  through 
the  pipe  E.  Of  two -concentric  cylinders  inside  A,  the  larger  F  is 
connected  by  a.  pipe  to  the  reservoir  G.  The  cover  at  the  top  of  A 
is  perforated  as  shown,  so  that  the  two  parts  A  and  D  are  in 
communication.  Air  reaches  the  innermost  cylinder  H  by  means 
of  the  perforations  J  shown  at   the  top,  and  the   lower  end   of  H 
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goes  nearly  to  the  bottom  of  cylinder  F,  and  is  shown  enlarged 
by  the  side  illustration.  Inside  the  disc  or  flange  K  slides  a  tube 
with  holes  M  and  a  flange  L  at  the  bottom;  and  the  spindle  N, 
having  a  screw  and  a  hand  wheel  at  its  top,  regulates  the  distance 
which  the  tube  slides  into  H.     The  perforations  are  closed  if  the 


Fig.  136. — MooRwooD-BEyNET  CARBUHErrsR. 


tube  is  drawn  up,  or  they  can  be  open  as  illustrated,  or  be  uncovered 
to  any  intermediate  extent.  With  regard  to  the  action  of  the 
apparatus,  the  suction  of  the  motor  piston  causes  air  to  enter  at 
J,  to  pass  through  the  oil  in  H,  through  the  openings  M,  up 
through  the  oil  in  F,  out  at  the  holes  in  the  top  into  D,  and 
thence  through  pipe  E  to  the  motor  cylinder.  The  exhaust  gases 
in  the  jacket  A  warm  the  oil  and  facilitate  working.     Originally 
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an  oil-separator,  to  catch  all  oil  still  in  liquid  form,  was  interposed 
between  the  carburetter  and  the  motor,  but  the  use  of  this  was 
discontinued,  or  at  any  rate  it  is  not  an  essential  Russoline  and 
other  petroleums  are  used,  and  practically  all  the  by-products  in 
the  oil  are  prevented  from  entering  the  cylinder,  and  it  is  easy  to 
draw  off  the  deposit  or  residue  from  the  carburetter  whilst  the 
motor  remains  clean,  neither  cylinder  nor  valves  being  clogged. 

In  some  motors  carburetting  is  not  accomplished  by  any  special 
separate  appliance.  The  Koch  (p.  274)  motor  is  of  this  kind.  During 
suction,  in  the  discarded  Kane-Pennington  motor,  the  petrol  spirit 
falls  on  a  metal  wire  gauze  of  a  spiral  shape,  placed  in  the  upper 
part  of  the  cylinder,  and  forming  part  of  an  electric  circuit  whose 
current  ignited  the  explosive  mixture.  This  slight  rise  of  tempera- 
ture sufficed,  it  appeared,  to  completely  vaporise  the  petrol  spirit. 

The  special  vaporiser,  it  is  hardly  a  carburetter,  employed  on 
the  Roots  and  Venables  petroleum  cars  is  described  in  connection 
with  the  motor  (see  p.  273),  of  which  it  forms  a  part. 

Carburation  of  the  air  before  or  after  it  reaches  the  motor  cylinder 
was  dealt  with  in  the  paper  read  by  Captain  Longridge,  who 
evidently  favours  motors  working  on  the  Diesel  principle — that  is, 
those  in  which  the  pure  air  is  admitted  into  the  motor  cylinder, 
compressed,  the  sprayed  fuel  introduced  and  ignited  automatically. 
This  method  avoids  all  possibility  of  premature  explosion,  and  allows 
of  higher  compression ;  with  equal  cylinder  dimensions,  it  also  supplies 
a  denser  charge.  On  the  other  hand,  it  is  urged  that  the  charge 
will  be  imperfectly  mixed,  and  give  imperfect  and  irregular  com- 
bustion. It  is  doubtful  whether  for  petrol  spirit  there  is  anything  in 
this  objection,  or  whether,  if  there  is,  it  is  not  more  than  discounted 
by  the  advantage  gained.  A  number  of  petrol  motors  run  successfully 
by  merely  injecting  the  petrol  into  the  cylinder  and  letting  the  air 
and  heat  do  the  rest.  In  the  American  Weber  petrol  motor,  for 
instance,  no  vaporiser  is  used,  and  the  petrol  does  not  come  into 
contact  jj^ith  air  until  it  reaches  the  combustion  chamber.  The 
American  Otto  petrol  motor  does  not  use  a  carburetter ;  the  fuel  is 
pumped  from  an  air-tight  tank  to  a  valve  acted  on  by  the  governor. 
This  admits  a  given  quantity  to  the  cylinder,  when  it  is  immediately 
pulverised  by  the  incoming  air  and  rendered  explosive.  No  air 
reaches  the  petrol  on  its  passage  from  the  tank  to  the  cylinder. 
In  the  German  Ltitzky  petrol  motor  of  the  Maschinen  Gesellschaft, 
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Nuremberg,  the  spirit  is  conveyed  to  the  cylinder  in  a  liquid  state 
and  vaporised  with  the  stroke  as  needed.  In  fact,  in  very  many 
German  petrol  motors  care  is  taken  to  exclude  the  air  until  the  oil 
reaches  the  cylinder,  even  where  a  separate  vaporiser  is  used.  Thus, 
in  the  Dopp  oil  motor  (Berlin)  each  charge  of  oil  is  converted 
separately  into  vapour  without  air,  and  highly  superheated  before 
it  is  admitted,  in  finely  divided  currents,  to  the  combustion  space, 
where  it  is  mixed  with  air.  Dopp  claims  that  this  method  ensures 
regularity  and  completeness  of  combustion,  low  oil  consumption,  and 
quiet  regular  working  without  vibration.  In  the  Russian  KabUtz 
motor  car,  also,  naphtha  is  injected  into  a  red-hot  vaporiser  open  to . 
the  cylinder,  and  immediately  vaporised  by  the  compressed  air. 
Captain  Longridge  concludes  that,  for  petrol  spirit  at  least,  carbura- 
tion  at  the  end  of  the  stroke,  admitting  the  use  of  higher  compres- 
sions is  probably  as  good  as,  if  not  more  economical  than,  the  more 
ordinary  method ;  but  it  probably  requires  high  compression. 

A  few  general  remarks  on  carburetters  may  here  be  given 
advantageously.  The  atomising  apparatus  is  better  than  the 
surface  types,  as  has  been  shown.  The  direction  and  strength 
of  wind  and  the  outside  temperature  may  often  cause,  during 
a  journey,  some  variation  in  the  physical  condition  and  quantity 
of  air  admitted  into  the  carburetter,  and  thus  necessitate  at 
least  an  alteration  in  the  working  section  of  the  air  inlets.  How- 
ever, with  a  good  atomising  carburetter,  this  regulation  or  alteration 
is  easy  enough,  and  the  apparatus  is  not  disturbed  by  the  jolting 
of  the  vehicle.  Consequently,  most  automobiles  are  provided  with 
an  atomising  carburetter.  Motor  cycles,  on  the  contrary,  were 
until  recently  obliged  to  dispense  with  them,  because,  in  this  case, 
the  suction  of  the  motor  is  not  always  powerful  enough,  however 
little  may  be  the  power  needed,  to  bring  the  atomising  carburetter 
into  work,  open  a  valve,  and  convey  the  petrol  spirit  into  the 
apparatus.  This  power  is  not  always  obtainable,  because  in  motor 
cycles  variation  of  the  amoimt  of  the  charge  taken  in  by  the 
cylinder  is  the  only  means  generally  of  obtaining  different  rates  of 
speed,  and  when  this  intake  decreases  below  a  certain  point,  suction 
simultaneously  gets  feeble.  But  in  spite  of  all  this,  spray  carburetters 
give  satisfaction  on  the  Werner,  Minerva,  Davison  and  other  motor 
bicycles.  Ignition  advance  {see  p.  187)  is  not  adopted  to  vary  the 
speed   but    rather    to    follow   already   accomphshed  variations    by 
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producing  ignition  at  the  precise  moment  when  it  is  most  advan- 
tageous for  the  good  combustion  of  the  explosive  mixture. 

To  prevent  fiames  from  entering  the  carburetter  and  causing 
fire,  a  risk  particularly  to  be  dreaded  with  a  surface  carbu- 
retter, in  which  there  is  always  a  considerable  accumulation  of 
petrol  spirit,  a  wire  gauze  partition  must  be  placed  in  the  pipe,  as 
much  as  possible  at  a  point  where  the  diameter  is  enlarged,  so  that 
the  working  section  will  remain  sufficient.  This  communication 
of  flames  may  be  caused  by  the 
inlet  or  exhaust  valves  not  shutting 
at  the  proper  time. 

Finally,  as  an  example  of  com- 
bined  mixing  and    inlet   valve,   the 
Carlton    device   may   be   mentioned. 
It  is  shown  in  section  by  Fig.  137,  and 
is   designed    to  replace  the  ordinary 
induction     valve.       A    cylindrical 
body.   A,    carries   valve    B,   whose 
spindle  C  works  in  a  guide  sup- 
ported by  perforated  plates  D.     The 
valve    normally    is    kept    closed    by 
spring  £,  and  a  hollow  in  the  upper 

part  of  the  valve  rod  carries  a  small  ^'«-  '""^^''i^^'^v!!^^"'  ^'"''" 
needle,  F,  pressed  upward  by  a  small 

compression  spring.  The  needle  is  prevented  from  rising  above  a 
certain  point  by  the  pin  G  in  slot  H.  The  cover  J  has  air  inlet 
holes,  and  the  plate  ring  K  is  also  perforated  and  acts  as  a  r^^ulator, 
being  locked  by  nut  L.  The  petrol  nozzle  M  screws  into  the  cover, 
and  the  needle  F  normally  prevents  the  flow  of  spirit  into  the 
valve  chamber.  There  is  a  gauze  plug,  as  shown,  in  the  nozzle  M. 
At  each  suction  stroke  of  the  motor  piston  the  valve  B  is  drawn 
downwards  and  the  withdrawal  of  needle  F  allows  spirit  to  pass 
into  chamber  A,  whence  it  is  carried  by  the  entering  air  through 
the  valve  B  into  the  motor  cylinder  in  the  form  of  explosive 
mixtura  The  flow  of  spirit  is  regulated  by  screwing  in  or  out 
the  nozzle  M,  and  so  varying  the  distance  between  the  nozzle  and 
the  needle.     K  is  the  union. 
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PETROL    MOTORS. 

Petrol  motors  employed  on  automobiles  belong,  it  may  be  said,  to 
the  compression  and  combustion  type,  and  the  Beau  de  Rochas  four- 
stroke-cycle  of  operations,  known  in  Great  Britain  as  the  Otto  cycle, 
is  employed  almost  exclusively.  This  cycle  comprises  the  four  fol- 
lowing piston  strokes: — 

First  forward  stroke  of  piston  =  suction  stroke,  carburetted 
mixture  is  admitted. 

» 

First  return  stroke  of  piston  =  compression  stroke,  charge  is 

compressed. 
Second  forward  stroke  of  piston  =  working  stroke,  charge 

is  ignited. 
Second  return  stroke  of  piston  =  scavengering  stroke,  gases 

of  combustion  are  expelled. 

Thus  there  is  only  one  working  stroke  in  every  four,  two  for- 
ward and  two  return,  and  there  are  two  revolutions  of  the  crank 
shaft  for  every  four  strokes ;  consequently  a  heavy  fly-wheel  is 
required,  and  the  fewer  the  motor  cylinders  the  heavier  must  be 
the  wheel,  though,  as  often  is  the  case,  if  the  pistons  are  not  coupled 
so  as  to  act  on  opposite  cranks,  multiplicity  of  cylinders  does 
not  usually  allow  of  the  size  of  the  fly-wheel  being  decreased. 
Theoretically  the  two-stroke-cycle  motor,  giving  one  working  stroke 
per  revolution  of  the  crank  shaft,  would  be  more  rational,  but  there 
is  great  difficulty  in  realising  it.  The  Benz  type,  which  was  in- 
vented to  work  with  a  two-stroke-cycle,  now  is  made  only  on  the  four- 
stroke-cycle.  It  may  also  be  remarked  that  existing  four-stroke- 
cycle  motors  perform  600  or  700  revolutions  (sometimes  1,000  and 
3,000)  per  minute,  thus  giving  a  regularity  far  removed  from  the 
results  given  by  Daimler's  150  or  200  initial  revolutions.  More- 
over, motors  of  the  four-stroke-cycle  consume  less  fuel  than  motors 
of  the  two-stroke-cycle.  However,  the  two-stroke-cycle  motor  is 
practicable,   being  employed  by  Loyal,  Conrad,  and  Dufour;    and 
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there  is  even  a  six-stroke-cycle  motor,  this  being  made  by  Frangois 
Goret,  the  fifth  and  sixth  piston  strokes  being  intended  to  cause  a 
flow  of  pure  air  through  the  cylinders,  so  as  to  have  the  carburetted 
mixture  constant  and  uniform  and  capable  of  ready  ignition.  This 
flow  of  air  has  the  advantage  also  of  cooling  the  motor  cylinder. 
Before  leaving  alternating  motors,  mention  must  be  made  of  the 
James  F.  Duryea  motor,  constructed  on  a  new  principle,  combustion 
taking  place  in  a  special  tank  acting  the  part  of  the  boiler  in  steam 
motors,  and  supplying  the  cylinder  with  gases  under  pressure.  The 
Diesel  motor,  also,  will  have  to  be  considered,  although  this,  as  far 
as  is  known,  has  not  yet  been  applied  to  automobiles,  but  it  perhaps 
will  soon  give  them  considerably  greater  efficiency  than  they  now 
possess.  Finally,  brief  mention  will  be  made  of  the  efforts  put  forth, 
in  spite  of  difficulties,  by  some  constructors  with  regard  to  applying 
the  rotary  principle  to  petrol  motors.  Four  of  these  progressive 
constructors  are  Vemet,  Batley,  Dodement,  and  Andrd  Beetz. 

In  most  of  the  four-stroke  cycle  motOTs  the  carburetted  mixture 
is  admitted  into  the  cylinder  by  automatic  'valves  retained  on  their 
seats  by  the  pressure  of  a  spiral  spring  and  opening  under  the 
sucking  action  of  the  piston.  The  escape  of  the  products  of  the 
explosion  is  assured  by  a  valve  worked  by  levers  and  a  cam  fixed 
on  a  shaft  connected  with  the  motor  shaft  by  a  system  of  toothed 
gears  which  make  the  cam  shaft  rotate  once  whilst  the  motor  shaft 
rotates  twice ;  thus,  the  exhaust  valve  opens  once  during  every  two 
revolutions  of  the  motor  shaft.  But  the  advantages  of  mechanical 
operation  for  both  valves  have  become  more  apparent  lately,  and 
there  has  been  a  revival  in  their  use.  Many  of  the  most  modem 
motors  described  in  the  next  chapter  are  so  fitted,  the  Mercedes 
motor  being  one  of  the  number.  Numerous  devices  for  valve 
actuation  by  magnetic  attraction,  compressed  air,  exhaust  pressure, 
etc.,  have  been  patented,  and  Captain  Longridge  offers  several  reasons 
why  with  high-speed  motors  mechanically  operated  valves  are  prefer- 
able to  automatic  spring  induction  valves.  Owing  partly  to  clearance 
and  partly  to  back  pressure  from  the  silencer,  the  cylinder  at  the 
end  of  the  exhaust  stroke  is  filled  with  burnt  gases  above  atmospheric 
pressure.  When  the  piston,  therefore,  begins  the  induction  stroke, 
these  have  to  expand  before  air  can  be  drawn  in  by  suction,  hence 
the  automatic  inlet  valve  is  sluggish  in  opening.  This  is  just  the 
reverse  of  what  should  be,  for  the  valve  may  even  have  a  "lead" 
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to  assist  the  scavenging  of  the  combustion  chamber  (this  point  is 
dealt  with  below).  Again,  the  automatic  valve  closes  at  the  end 
of  the  suction  stroke,  whereas  it  might  be  better  to  keep  the  inlet 
valve  open  a  trifle  after  the  piston  had  begun  the  compression 
stroke,  that  is,  before  the  slight  vacuum  in  the  cylinder  has  been 
converted  by  the  piston  into  compression  above  atmosphere.  By 
so  ,doing,  the  momentum  of  the  air  in  the  inlet  pipe  tends  to  add 
to  the  volume  of  the  charga  (For  automatic  induction  valves,  \evy 
weak  springs  appear  the  best.)  It  may  be  noticed  that  where 
governing  by  volume  throttling  is  used,  if  the  spring  of  the 
exhaust  valve  weakens,  the  increased  suction  of  the  piston  on  the 
intake  stroke  may  cause  exhaust  gases  to  be  drawn  back  through 
the  valve  into  the  cylinder,  with  the  risk  of  a  miss  or  a  slow  firing 
through  the  presence  of  exhaust  gas  round  the  sparking  plug,  or 
of  premature  ignition,  if  the  gas  is  hot. 

Whatever  may  be  the  mechanical  means  employed  to  assure 
distribution,  the  various  phases  should  be  perfectly  regulated, 
particularly  as  regards  exhaust  Theoretically,  exhaust  should 
begin  at  the  end  of  the  second  forward  stroke,  that  is,  the  working 
stroke  of  the  piston,  but  practically  it  begins  a  little  before,  so 
that  there  is  a  little  lead  in  the  exhaust  This  lead,  far  from  de- 
creasing the  power  gathered  by  the  piston,  in  allowing  a  slight 
amount  of  the  pressure  of  the  gases  to  be  lost,  augments  the 
piston  force  by  preventing  an  otherwise  considerable  counter- 
pressure  from  arresting  the  impetus  of  the  piston  during  its  return 
stroke.  In  fact,  just  as  ignition  advance,  as  explained  on  p.  187, 
is  arranged  to  give  the  combustion  time  to  take  place  perfectly,  so 
the  advance  in  the  exhaust  allows  the  exhaust  to  be  quite 
complete  before  the  following  suction  stroke  begins.  Lead  or 
advance  in  exhaust  is  even  more  necessary  than  advance  in  ignition, 
because  the  evacuation,  which  occurs  with  a  constantly  decreasing 
pressure,  is  certainly  less  rapid  than  the  combustion.  Needless  to 
say  the  advantage  in  question  increases  as  the  motor  revolves  more 
rapidly.  With  only  400  or  500  revolutions  per  minute  there  is 
hardly  any  advantage,  practically  none,  but  it  begins  after  this 
rate.  It  must  be  remembered  that  2,500  revolutions  per  minute 
(often  attained  by  small  motors  like  the  de  Dion-Bouton)  corre- 
spond to  5,000  strokes  to  and  fro  per  minute,  that  is  about  84 
strokes  with  21  combustions  and  21  exhausts  per  second. 
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The   more    usual    motor    speeds   are    given    in    the    following 
table,  which  is  due  to  G.  Knap. 


MAXIMUM    MOTOR    SPEED; 

GEORGIA    KNAP. 

Bore 

of  Cylinder. 

Piston  St 

roke, 
in. 

Revolutions 
per  Minute. 

cm. 

in. 

era. 

6-2 

2-44 

7 

2-76 

1,400 

6-6 

2-59 

7-3 

2*87 

1,800 

7-2 

2-83 

8 

315 

1,700 

8 

3-15 

12 

4-74 

900 

— 

11 

4-33 

1,000 

8o 

3-3o 

16 

6-9 

750 

— 

— 

12-5 

4*93 

800 

9 

3'64 

15-5 

6  1 

700 

— 

— ~ 

13 

512 

750 

As  for  shutting  the  exhaust  valves,  this  should  be  done  as  indicated 
by  theory  at  the  precise  time  when  the  second  back  stroke  of  the 
piston  ceases.  Did  it  take  place  earlier  the  residual  gases  would 
prevent  the  piston  from  reaching  the  end  of  its  throw  and  the 
new  gases  from  filling  the  cylinder  during  the  following  suction 
stroke;  and  were  it  to  take  place  later  the  burnt  gases  would  be 
sucked  in  at  the  same  time  as  the  carburetted  air,  and  there 
would  be  great  difficulty  in  starting  the  motor  to  set  it  to  work. 
In  fact,  during  the  first  suction  strokes  pure  air  would  enter  by 
the  exhaust  valve  at  the  same  time  as  carburetted  air  entered  by 
the  inlet  valve,  and  the  mixture  would  be  diluted  with  an  excess 
of  air  and  would  not  be  combustible.  The  mixture  would  become 
combustible  only  by  progressive  enrichment  after  a  considerable 
number  of  cylinderfuls,  the  exhaust  valve  allowing  the  entrance 
of  a  mixture  successively  more  and  more  carburetted.  The  exhaust 
can  be  well  rpgulated  by  suitably  cutting  the  cam  governing  the 
valve,  and  often  this  regulation  can  be  done  only  after  long  trials. 

With  regard  to  the  material  of  valves,  their  seating  and  fitting, 
opinions  differ,  but  the  best  practice  is  to  have  the  spindle  and 
head  of  different  materials,  one-piece  valves  being  as  a  rule  weak 
in  the  neck.  The  Wolseley  inlet  valve  (Fig.  138)  has  a  hard  cast-iron 
head,  A  ;  this  is  made  red  hot;  and  into  it  is  screwed  very  tightly 
the  steel  spindle  B,  which  then  is  riveted  over  in  the  tapered  part 
The  actual  seat,  C,  of  the  valve  is  chilled  to  make  it  as  hard  as 
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possible,  and  finally  the  pin  D  is  fitted  between  the  spindle  and 
head.  This  is  claimed  to  have  given  every  satisfaction.  Sometimes 
the  heads  of  exhaust  valves  are  made  of  rolled  nickel  in  preference 
to  steel,  because  steel  is  liable  to  a  deposit  of  oxide  which  destroys 
the  gastightness  of  the  joint ;  again,  iron  and  steel  are  attacked 
by-  the  aldehyde  and  acetic  acid  produced  by  the  imperfect  com- 
bustion of  alcohol.  The  nickel  heads  are  brazed  on  a  spindle  of 
hard  Bessemer  steel,  which  sometimes  is  covered  with  nickel  to 
prevent  corrosion  by  the  hot  gases.  The  valve-seats  may  be  of 
cast  iron  or  cast  steel,  the  latter  being  very  suitable  for  nickel- 
covered  steel  spindles,  and  they  should  have  a  perfectly  uniform 
thickness,  so  that  expansion  is  the  same  in  all  directions,  and  the 
joints   remain  good     In   the  Wolseley  exhaust   valve  (Fig.   139), 


Fig.  138.— WoLSELBv   Inlit  Valvb.  Fig.  138.— Wolsblby  Ezhacht  Valve. 

scaling  on  the  inner  side  is  prevented  by  forming  a  baffle  plate, 
A,  in  the  casting  between  the  cylinder  and  the  valve  £  on  the 
seating  C. 

For  the  heads  of  valves.  Captain  Longridge  favours  nickel- 
steel,  and  states  that  though  cast-iron  wears  well,  it  seems 
hardly  strong  enough  for  small  valves.  Burning,  irregular  wear, 
and  breakage  of  valves  usually  have  been  ascribed  to  weak- 
ness in  the  neck,  unsuitable  material,  faulty  methods  of  lift, 
throttlii^  of  the  exhaust  by  insufHcient  area  of  the  valve, 
exhaust  pipe,  or  silencer.  Any  deficiency  here  may  lead  to  broken 
valves.  With  a  choked  exhaust,  according  to  Captain  Long- 
ridge, the  pressure  left  in  the  cylinder  combined  with  the  spring 
may  produce  hammering  of  the  valve  on  its  seat,  and  m  time 
brittlenesa  and  fracture.  There  is,  however,  another  cause  of  a 
very  different  nature.  A  defect  frequently  found  in  horizontal 
plunger  pumps  is  the  placing  of  the  valve  seat  on  a  level  with  the 
waterway ;  then  the  discharge  is  greater  on  one  side  than  on  the 
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other,  and  the  water,  diverted  into  a  new  direction  by  the  valve, 
exerts  a  tilting  force  on  it,  and  presses  it  towards  the  waterway. 
The  results  are  irregular  wear,  sticking,  and  hammering  of  the  valve 
on  its  seat.  Now  the  usual  disposition  in  the  vertical  motor  is 
similar,  with  the  same  unequal  discharge,  similar  tilting  action,  and 
the  tendency  to  force  the  valve  from  its  true  position.  The  pump 
valve,  spindle,  seat,  and  guides  are  in  the  best  condition  to  resist 
wear,  but  the  motor  valve  beat  is  extremely  rapid,  the  gas-flow 
swift,  the  pressure  high,  and  all  surfaces  so  highly  heated  as  to  be 
in  the  worst  condition  to  withstand  attrition  and  deformation. 
The  remedy  in  both  cases  is  the  same.  The  motor  valve  seats 
should  be  kept  below  the  gas  passage,  as  in  Fig.  140,  so  that  the 
rush   of  gas  acquires  a  straight  downward  course  before  reaching 


Fig.  140.— Valve  -^ith  Low  Seat. 

the  valve.  All  tilting  action  is  thus  eliminated.  Naturally,  the 
usual  precaution  of  fully  equal  area  in  the  annular  space  round 
the  valve  to  that  of  the  valve  outlet  must  be  preserved.  Captain 
Longridge  observes  that  by  far  the  better  practice  would  be  to  avoid 
port  passages  and  place  the  inlet  and  outlet  valves  on  the  head  of 
the  combustion  chamber.  With  the  heavier  oils  this  position  has 
the  additional  advantage  of  direct  charge  admission  without  possible 
condensation  by  contact  with  the  port  and  cylinder  walls.  Of  course, 
it  slightly  increases  the  height  of  the  motor.  Examples  of  valves 
so  placed  are  the  Buchet  motors,  the  3-cylinder  20  horse-power 
Maudslay  motor,  and  the  Belsize  motor.  The  D'Equevilly  valve 
(Fig.  141)  is  set  on  the  top  of  the  compression  space,  and  one  port 
serves  for  exhaust  E  and  inlet  D.  The  exhaust  valve  is  sufficiently 
large  to  form  a  seating  for  the  inlet  valve,  which  opens  into  the 
induction  passage,  and  the  cold  charge  entering  keeps  the  exhaust 
valve  cool.  F,  the  cap  of  the  exhaust  valve  spindle,  is  actuated  by 
a  two-to-one  shaft  and  rod,  not  shown.  J  is  the  exhaust  valve 
spring,  H  a  weaker  spring  for  the  inlet.     The  shock  of  the  exhaust 
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spring  valve  closing  bounces  the  inlet  valve  at  the  same  moment 
The  inlet  valve  stem  is  fluted,  as  shown  in  section  (X)  across  AB, 
forming  channels  for  the  charge  to  the  head  of  the  valve. 

The   following    table    shows    the   diameters   of    exhaust   valves 
according  to  French  practice: — 

EXHAUST    VALVE    DIAMETEllS :    FHENCH    PRACTICE. 


Bore  of  Motor  Cylinder. 


Diameter  of  Exhaust  Valve 
(varies  with  Piston  Stroke). 


6-6cm.  to  7cm.  (2-56 in.  to  2*76 in.) 
7'6cin.  to  8*5  cm.  (2'95in.  to  3-34  in.) 
8-5  cm.  to  9 '5  cm.  (3-34  in.  to  3*74  in.) 


18  mm.  to  25  mm.  ('7  in.  to  -98  in.) 
25  mm.  to  32  mm.  (*98in.  to  1*25  in.) 
30  mm.  to  38  mm.  (1*18  in.  to  1*49  in.) 


The  second  table  is  due  to  Captain  Longridge,  who  gives  the 
valve  lift  as  6  mm.  to  6  mm.  (196  in.  to  '236  in.)  for  a  cylinder  bore 
of  6 cm.  to  7  cm.  (2-36  in.  to  275  in.),  and  as  8 mm.  to  9 mm.  (-315 in. 
to  -354  in.)  for  a  bore  of  7  cm.  to  9  cm.  C2'75in.  to  3*54  in.),  whilst 
the  ports  may  be  5  mm.  (196  in.)  larger  than  the  valve,  and  the 
pipes  the  same  amount  larger  than  the  ports. 

DIAMETERS    OF    INLET    VALVES    AND    PIPES:    FRENCH 

PRACTICE. 


Bore  of  Cylinder. 

Fiiiton  stroke. 

Diameter  of  Inlet  Valve. 

Diameter  of  Inlet  Pipe. 

cm. 

in. 

cni. 

in. 

mm. 

in. 

mm. 

in. 

6 

2-36 

7 

2-75 

16 

•59 

18  to  20 

•7    to  -78 

6-6 

2-56 

7-5 

2-95 

18 

•7 

20  to  22 

•78  to  -86 

7 

2  75 

8 

3-15 

19  to  20 

•75  to  -78 

22 

•86 

— 

8-5 

3-34 

21  to  22 

•82  to  -86 

23 

•9 

7-5 

205 

9 

3-54 

22  to  23 

•86  to  -9 

24 

•94 

— 

10 

3-93 

23 

•9 

25 

•98 

8- 

3-15 

12 

4-74 

24 

•94 

27 

106 

— 

— 

14 

5-49 

26 

•98 

28 

1-1 

8-6 

3-34 

14 

6-6 

26 

1-02 

29 

114 

— 

— 

15 

59 

27 

106 

30 

118 

9 

3-54 

15 

5-9 

28 

M 

32 

1^25 

^"~ 

16 

6-29 

30 

1-18 

35 

137 

In  connection  with  valve  areas,  Captain  Longridge  states  that 
the  use  of  the  sluggish-acting  automatic  inlet  valve  increases  the 
difficulty  of  ensuring  a  full  charge  at  high  speeds  ;  and  in  such  cases, 
if  24-38  m.  (80 ft.)  per  second  for  induction  and  3048  ra.  (100 ft.)  per 
second  for  exhaust  are  to  be  at  all  approximated,  the  valve  areas  can 
scarcely  be  too  ample.     There  is  little  doubt  that  in  the  aspiration 


PETROL    MOTORS.  163 

method  of  carburation,  the  sharp  blast  supposed  necessary  to  secure 
proper  suction  and  mixing  of  the  petrol  has  hitherto  militated 
against  the  use  of  laige-sized  inlet  pipe  and  valves.  An  instance 
of  the  tendency  to  enlarge  valve  areas  is  the  Napier"  so-called 
pyramidal  or  annular  valve  (Fig.  142),  which  claims,  with  the  same 
lift,  to  give  50  per  cent,  larger  passage  than  the  ordinary  mushroom 
valve  of  the  same  diameter.  A  is  a  cylindrical  valve  seat;  B  and 
E  are  annular  flat  face  rings,  with  connecting  radial  webs  D.  The 
ring  E  is  on  a  sleeve  C,  forming  a  bearing  for  the  valve  spindle  F. 
When  the  valve  opens,  the  gas  passes  through  the  annular  space 
between  the  seatings  B  and  E,  and  also  through  the  space  P  round 
the  head  I.     The  new  Centaure  motor  (Panhard  and  Levassor)  has 


Fig.  141,— D'Eatsi 


Fig.  142.— NameK  Asmi 


a  similar  triple-induction  valve.  There  is  no  difficulty  in  calculating 
the  area  of  the  induction  valve,  but  with  the  eshaust  valve  the 
problem  is  less  simple.  In  any  case,  the  common  practice  of 
making  inlet  and  eshaust  valves  of  equal  area  cannot  be  right. 
Formulie  have  been  given,  but  appear  to  be  incomplete  because 
they  do  not  state  what  are  the  resulting  velocities  of  the  gas  flow, 
and  they  are  defective  because  they  apparently  assume  discharge 
at  equal  pressure  in  all  cases. 

The  diameter  of  the  exhaust  pipes  should  be  greater  than  that 
of  the  valves  to  avoid  strangling   the  gases  and  to  assure  their 
expansion.     In  order  to  bring  the  lift  of  the  valve  to  the  normal 
L  2 


1B4  THE   AUTOMOBILE. 

standard  which  it  is  essential  to  retain,  and  which  the  play  of  the 
joints  tends  to  destroy,  the  valve  rods  are  furnished  with  adjusting 
screws.  The  springs  which  press  the  exhaust  valves  against  their 
seats  must  be  powerful  enough  to  prevent  the  valves  opening 
during  suction  and  the  burnt  gases  from  re-entering  the  cylinder. 
To  avoid  their  being  softened  under  the  action  of  heat,  some- 
times devices  are  adopted  to  insulate  them  from  the  motor  or  at 
least  to  remove  them  to  a  distance  from  its  hot  parts.  Suction  is 
easier  t©  regulate  than  exhaust ;  the  valve  and  inlet  pipe  for  the 
carburetted  gas  should  have  a  sufficient  suction  to  enable  the 
cylinder  to  be  filled  rapidly;  in  a  cylinder  with  bore  of  from  60 
mm.  to  90  mm.  (2*36  in.  to  3"54  in.),  and  piston  stroke  of  from 
70  mm.  to  160  mm.  (275  in.  to  6*28  in.),  the  diameter  of  the 
valves  varies  from  15  mm.  to  30  mm.  (058  in.  to  118  in),  and 
that  of  the  pipe  from  18  mm.  to  35  mm.  (0-7  in.  to  137  in.). 
The  springs  should  simply  maintain  the  valves  on  their  seats. 

Accessibility  of  valves  is  well  provided  for  in  all  the  better 
classes  of  motors.  In  the  Daimler,  the  removal  of  one  nut  enables 
the  bridge  to  be  removed  and  the  valves  inspected.  Similar  devices 
are  now  found  on  most  cars. 

There  are  various  methods  of  regulating  the  power  of  the 
motor.  One  method  is  to  make  the  amount  of  petrol  spirit  con- 
veyed to  the  carburetter  proportional  to  the  power  to  be  developed, 
as  is  done  in  the  Peugeot  carburetter  (see  p.  128),  and  as  is 
done  by  aid  of  a  needle-valve  in  the  Goret  carburetter;  or  to 
vary  the  amount  admitted  to  the  suction  chamber,  as  in  the 
case  of  the  Brillie  distributor  (see  p.  139).  Another  method  is 
to  vary  the  amount  of  carburetted  mixture  admitted  into  the 
cylinder,  and  this—"  throttling  " — has  become  standard.  Sometimes 
the  power  is  regulated  by  varying  the  proportion  of  air  admitted  into 
the  carburetter  to  be  enriched  or,  rather,  by  varying  the  supplemental 
proportion  of  pure  air  added  to  the  mixture  to  make  it 
explosive.  However,  in  the  latter  case  there  is  a  risk  of  the 
impoverished  mixture  failing  to  explode,  and  to  obviate  this 
risk  compression  must  be  modified  in  inverse  proportion  to  the 
richness  of  the  mixture.  This  is  the  correct  idea  which  Malezieux 
endeavoured  to  apply  by  varying  the  height  of  the  compression 
chamber,  the  bottom  of  the  cylinder  being  with  this  object  con- 
stituted by  a  movable  piston.     In   this  appliance   the  piston  forms 
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the  end  of  a  screw  which  passes  through  a  nut  m  the  end  of 
the  cylinder,  the  screw  being  regulated  by  means  of  a  hand- 
wheeL  An  improvement  would  be  to  control  the  device  from  the 
driver's  seat  Side  by  side  with  these  devices,  which  are  some- 
times combined  in  the  same  motor,  a  real  governor  can  be 
adopted.  In  this  case  a  centrifugal  force  apparatus  is  employed 
to  act  on  a  throttle  valve  in  the  induction  pipe  connection  to 
the  carburetter,  or  on  the  mechanism  governing  the  exhaust 
valve,  which  then  is  prevented  from  opening  or  shutting.  In  the 
latter  case,  the  gases  from  the  previous  explosion  remain  in  the 
cylinder,  or  instead  the  cylinder  remains  open  to  the  outside  air; 
in  both  cases  carburetted  air  is  not  sucked  in,  and  the  driving 
phase  or  working  stroke  of  the  cycle  is  suppressed.  Mostly,  how- 
ever, the  governor  acts  directly  on  the  admission,  so  as  to  throttle 
the  inlet  pipe,  or  to  prevent  the  inlet  valve  opening.  As  a  rule, 
governors  are  not  so  often  used  when  tube  ignition  is  employed. 
With  electric  ignition,  the  possibility  it  affords  of  hastening  the 
moment  of  ignition  may  be  reckoned  on,  as  will  shortly  be 
made  clear  (p.  187).  Generally  cars  furnished  with  governors  also 
have  accelerators,  an  accelerator  enabling  the  driver  to  put  the 
governor  out  of  action  and  let  the  motor  race  for  some  time,  to 
the  detriment  of  its  efficiency  but  to  the  advantage  of  the  speed. 

With  regard  to  volume  throttling,  Captain  Longridge  points  out 
that  incomplete  filling  of  the  cylinder  reduces  compression,  and 
renders  the  conditions  for  efficient  and  economical  explosion  less 
favourable.  Again,  the  induction  of  the  charge  below  atmospheric 
pressure  entails  negative  work,  often  7  or  8  per  cent,  of  the  effective 
indicated  power. 

Ignition  of  the  explosive  mixture  is  provided  by  two  methods, 
the  electric  spark  and  the  incandescent  tube  ;  the  latter  system, 
however,  is  falling  rapidly  into  disuse.  Electric  ignition  con- 
sists in  producing  a  very  hot  electric  spark,  as  blue  as  possible, 
in  the  midst  of  the  explosive  mixture.  Usually  it  is  an  induction 
spark,  sometimes  the  rupture  spark  reinforced  by  the  phenomenon 
of  self-induction,  which  is  employed.  To  obtain  the  first,  recourse 
is  had  to  a  Ruhmkorfi'  coil,  in  which  the  current  furnished  by  a 
primary  or  secondary  battery  traverses  the  primary  circuit  or  coil 
inductor,  upon  which  there  is  a  contact  breaker.  Interruption  of 
this  current,  occasioned  by  the  trembler,  causes  a  current  in  the 
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secondary  or  induced  circuit,  and  if  this  induced  circuit  is  broken 
there  is  a  spark  at  the  point  of  interruption.  In  order  that  the  sparks 
may  be  emitted  only  at  the  requisite  moment,  normally  the  primar}' 
circuit  is  broken,  and  only  at  the  moment  when  compression  finishes 
is  it  closed  by  a  cam  on  the  shaft  which  operates  the  exhaust ;  this 
shaft,  it  will  be  remembered,  performs  only  one  revolution  whilst  the 
motor  shaft  performs  two,  and  the  circuit  is  closed  once  every  two 
revolutions  of  the  motor,  during  one  phase  only  of  the  four.  As  soon 
as  the  current  is  closed  the  contact  breaker  acts,  and  a  series  ot 
sparks  breaks  out  from  the  sparking  plug  in  the  explosive  mixture, 
which  at  once  ignites.  This  is  the  most  rational  device,  and  was 
once  employed  for  the  Benz  cars ;  it  has  the  advantage  of  employing 
current  only  at  the  moment  of  explosion.  In  certain  Benz  cars, 
however,  the  primary  current  passes  all  the  time,  and  the  secondarj^ 
current  is  established  without  passing  through  the  sparking  plug;  then 
the  cam  delivers  it  there  at  the  moment  when  the  spark  is  to  be 
produced.  De  Dion-Bouton,  fearing  that  such  devices  might  not 
always  produce  the  spark  at  the  exact  moment  for  ignition,  has 
modified  them  by  removing  the  contact  breaker  from  the  coil,  and 
making  the  motor  itself  break  the  circuit  and  so  give  the  spark. 
The  primary  current,  after  passing  through  the  thick  wire  of  the 
coil,  reaches  the  interrupter  worked  by  the  motor;  at  every  two 
revolutions  of  the  latter  the  circuit  is  made,  and  immediately  broken, 
producing  in  the  secondary  circuit  the  rupture  spark  which  ignites 
the  mixture.  The  electric  current  runs  from  its  source  through  the 
coil,  the  igniter  and  its  plate,  which  are  normally  in  contact, 
and  then  returns  to  the  initial  point :  at  the  desired  moment  the 
contact  is  broken  and  the  spark  is  emitted.  In  the  three  cases 
above  noted,  by  altering  the  keying  angle  of  the  ignition  cam  on 
the  shaft  which  gives  it  motion,  the  production  of  the  spark  can 
be  hastened  or  retarded. 

The  electricity  for  energising  the  igniting  device  which  produces  the 
spark  is  obtained,  according  to  circumstances,  from  a  wet  or  dry  primary 
battery,  a  secondary  batter}'-  known  as  an  accumulator,  a  magneto- 
electric  machine,  or  a  dynamo.  Wet  batteries  cannot  be  employed 
unless  they  are  sealed  up.  A  somewhat  common  type  of  wet  battery- 
is  that  of  Bassee  and  Michel,  which  uses  an  exciting  fluid  of  chromic 
acid  solution.  The  receptacle  is  a  rectangular  parallel  pipe  made  of 
celluloid  3  mm.  (012  in.)  thick,  shut  by  a  flat  watertight  lid.    The  zinc 


PETROL   MOTORS.  167 

element  generally  lasts  three  months,  and  the  chromic  acid  solution  one 
hundred  hours  of  work  ;  the  E.M.F.  is  2  volts.  The  Clarence  battery, 
which  is  very  similar  to  the  preceding,  is  employed,  to  some  extent, 
also.  The  receptacle  of  this  is  made  of  vulcanite,  which,  unlike 
celluloid,  is  not  inflammable,  and  two  chimneys  in  the  lid  allow  the 
gases  to  escape,  whilst  at  the  same  time  preventing  the  liquid 
being  spilled.  A  cell  of  the  small  type,  only  containing  900  g. 
(29  oz.)  of  the  exciting  liquid,  can  work  60  hours,  the  E.M.F.  being 
2*25  volts.  This  high  voltage,  and  the  faculty  of  working  at  a 
constant  discharge  of  one  and  even  two  amperes,  are  valuable 
advantages  of  sealed  wet  batteries,  but  their  capacity  is  small. 
Under  the  influence  of  endosmosis,  which  is  produced  through  the 
porous  partition  separating  the  two  liquids,  these  last  mix  some- 
what rapidly,  and  then  the  battery  is  unfit  for  use.  Recharging 
is  neither  cleanly  nor  convenient,  w^hilst  the  gas  chimneys  may 
allow  liquid  to  escape,  and  the  receptacles  may  be  broken,  the 
acid  spoiling  everything  it  touchea  Consequently,  dry  batteries 
are  preferred  to  wet  ones,  since  it  has  been  noted  that  the  spark 
need  not  be  so  hot  as  was  thought,  and  that  ignition  may  be 
caused  by  a  current  at  a  pressure  of  4  to  5  volts,  and  of  one-tenth 
ampere  in  strength,  such  as  dry  batteries  can  supply.  The  dry 
battery,  strictly  speaking,  is  a  battery  with  fixed  liquids.  In  the 
Bloc  battery,  which  is  a  modified  Leclanche  battery,  they  saturate 
cofferdam — a  substance  extracted  from  the  exterior  fibres  of  the 
cocoanut  A  single  cell  of  this  type  has  an  E.M.F.  of  16  volt, 
and  a  very  low  internal  resistance,  but  its  weight  and  want  of 
durability  are  disadvantages.  A  lighter  and  more  durable  battery 
seems  to  be  the  "  Iltoile "  of  the  Societe  le  Carbone,  which  recalls 
very  nearly  that  manufactured  by  the  same  company  for  the  de 
Dion-Bouton  tricycles.  It  is  very  like  a  Leclanche  without  the 
zinc  rod,  the  glass  vessel  being  replaced  by  a  metal  box.  This 
box  and  a  special  agglomerate  element  contained  in  a  canvas  bag 
are  placed  inside  the  zinc  electrode,  which  forms  an  outer  box,  and 
from  which  they  are  separated  by  a  layer  of  sawdust  saturated 
with  exciting  liquid.  The  cell  is  closed  by  a  layer  of  insulating 
material,  through  which  are  two  small  lead  tubes  for  discharge 
gases.  The  EM.F.  is  about  16  volt,  and  the  internal  resistance  is 
slight.  The  useful  capacity  of  a  cell  of  average  size  on  a  resistance 
of   10    ohms    is    about   60   ampere-hours    per    kg.    (27-3   ampere- 
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hours  per  lb.)  of  active  material  This  battery  gives  a  very  regular 
current  for  a  long  time,  though,  like  all  other  batteries,  it  is 
expensive. 

Accumulators  are  mostly  preferred,  as  in  these  the  elementary 
material  can  be  employed  again  and  again,  and  they  have  the 
advantage  of  not  offering  resistance  to  the  passage  of  the  current 
through  the  coil;  but  they  also  have  inconveniences.  They  dis- 
engage acid  fumes,  and  the  fall  of  active  matter  may  cause  short 
circuits.  Accumulators  will  be  dealt  with  fully  when  those  em- 
ployed for  traction  are  described  (eee  Chapter  VIII.,  p.  291)). 

A  dynamo  for  ignition  is  employed  on  the  Panhard  and 
Levassor  (Centaure),  Thomycroft,  Decauville,  and  Toledo  motors, 
whilst  magnetos  are  used  on  a  great  number  of  motors,  including 
the  Mercedes,  Brush,  Mors,  Peugeot,  Benz,  G.  Richard,  and 
Lanchester.  Duflos-Clairdent  proposed  a  small  magneto  machine 
with  alternating  current,  so  as  to  dispense  with  the  contact- 
breaker  of  the  coiL  Houpied  succeeded  in  carrying  out  this 
idea  by  mounting  on  the  magneto  or  dynamo  shaft  a  cam 
driving  an  interrupter.  Needless  to  say,  magnetos  and  dynamos 
are  driven  by  the  motor,  and  as  they  only  work  with  it,  the 
electricity  for  starting  the  motor  must  be  sought  for  in  some 
other  source ;  generally  this  other  source  is  an  accumulator, 
which,  when  necessary,  is  recharged  by  the  dynamo.  However, 
there  are  self-sufficient  devices,  such  as  that  of  Houpied,  in  which 
ignition  is  started  simply  by  displacing  the  motor  fly-wheel. 
Dynamos  and  magneto  machines  give  a  hotter  spark  than  primary 
batteries  and  accumulators,  and  consequently  are  more  capable  of 
causing  complete  combustion  of  a  big  charge.  Knap  noted  a  gain 
of  from  15  kgm.  to  25  kgm.  (108*5  to  181  ft.-lb.)  when  employing 
a  Houpied  apparatus  instead  of  a  simple  accumulator  for  igniting 
the  charge  of  a  small  power  motor. 

Two  magneto  ignition  systems  of  note  are  the  Eisemann  and  Bosch. 
The  Eisemann  ignition  system  is  practically  a  coil  ignition  in  which 
the  battery  is  replaced  by  a  magneto  generator,  and  Fig.  143  shows  it 
arranged  for  four  cylinders :  A  is  the  field  magnet  of  the  magneto,  and 
the  armature  B  is  mounted  on  a  half-speed  shaft  connected  by  the 
spur-wheels  C  and  D  with  a  separate  shaft  parallel  to  it,  and  carrying 
on  its  far  end  the  high-tension  commutator  R  The  spur-wheel  C 
is  not  rigid  with  the  armature  shaft,  but  is  integral  with  a  sleeve 
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carrying  the  pulley  F,  the  sleeve  driving  the  amature  shaft  by  means 
of  a  pin,  G  ;  a  fork,  H,  connected  with  a  bell  crank  lever,  controls  the 
movements  of  the  sleeve.  This  part  of  the  apparatus  controls  the 
moment  of  ignition.  The  ends  of  the  armature  winding  are  connected 
to  the  two  connecting  rings  I  and  J,  with  which  the  spring  connecting 


Fig.   143. — EiHBMANN  Magneto  Ignition  System. 

brushes  K  L  make  contact.  The  current  passes  through  the 
conductor  M  from  the  brush  K  to  the  primary  winding  of  the  coil, 
and  through  the  contact  breaker  N  0  back  to  the  brush  L.  The 
contact  breaker  O  is  operated  by  the  double  cam  Q,  which,  as  the 
spur-wheel  C  is  designed  to  run  at  twice  the  speed  of  D,  breaks  contact 
four  times  for  every  revolution  of  the  cam  shaft  of  the  engine.  A 
condenser,  Z  Z,  is  arranged  across  the  contact  breaker  so  as  to 
increase  the  secondary  spark  in  the  usual  way.     The  condenser  is 


170  THE   AUTOMOBILE,    ' 

shown  connected  to  N  and  0  by  thin  lines,  but  in  practice  it  is  of 
importance  that  the  wire  to  the  condenser  should  be  at  least  as  thick 
as  the  primary  winding  of  the  induction  coil.  One  end  of  the 
secondary  coil  X  X  is  earthed  and  the  other  is  connected  to  R,  the 
brush  of  the  revolving  high-tension  comnmtator  or  distributor. 
It  will,  of  course,  be  understood  that  the  current  furnished  by  the 
armature  B  is  an  alternating  one,  but  the  cam  Q  is  so  arranged  that 
the  circuit  is  only  broken  when  the  current  furnished  by  the  armature 
is  at  its  maximum  in  either  direction.  The  high-tension  commutator 
or  distributor  E  receives  current  through  the  brush  R,  which  runs 
no  a  metal  ring  forming  the  periphery  of  the  wheel.  This  is  in 
conducting  connection  with  the  segment  S,  which  makes  consecutive 
contact  with  each  of  the  brushes  T,  leading  to  the  sparking  plugs  a. 
The  moment  of  sparking  is  determined  by  the  breaking  of  the  contact 
N  0,  the  contact  to  any  one  of  the  brushes  T  having  been  made  by 
the  segment  S  slightly  before  that  instant  arrived,  the  connection 
being  also  maintained  slightly  after  the  spark  has  passed.  This 
enables  the  spark  to  be  advanced  or  retarded  within  the  necessary 
limits  by  simply  advancing  or  retarding  the  moment  at  which  the 
contact  breaker  O  is  raised.  The  timing  is  eftiected  by  the  fork  H 
engaging  with  the  guide  pulley  F  :  moving  this  to  the  right  or  left 
rocks  the  shaft  carrying  the  cam  Q,  and  the  armature,  relatively  to 
the  spur-wheel  C,  and  by  moving  F  to  the  right  or  left  the  moment 
of  ignition  may  be  varied  as  required.  The  advantages  of  this 
system  are  that  it  dispenses  with  a  battery,  and  is  as  independent  and 
reliable,  therefore,  as  an  ordinary  low-tension  magneto  ;  and  it  gets 
rid  of  all  the  difficulties  connected  with  the  make  and  break  contacts 
mechanically  operated  inside  the  cylinder.  There  is,  therefore,  no 
difficulty  in  accurately  synchronising  the  spark  in  all  four  cylinders, 
so  that  it  may  be  said  to  comprise  both  the  advantages  of  induction 
coil  and  ordinary  magneto  systems. 

The  Bosch  high-tension  ignition  as  applied  to  four  cylinders  is  shown 
in  Fig.  144,  in  which  the  permanent  field  magnet  is  shown  upside  down, 
for  the  purpose  of  enabling  the  different  parts  and  connections  to  be 
better  seen.  The  stationary  armature  A  has  two  windings,  B,  of 
stout  wire,  and  corresponding  to  the  primary  winding  of  an  induction 
coil,  and  C,  of  fine  wire,  and  corresponding  to  the  secondary.  For  the 
sake  of  convenience  it  is  shown  nearly  at  right  angles  to  its  real 
position.     One  end  of  the  winding  B  is  earthed  on  to  the  shaft  of  the 


PETROL    MOTOnS.  171 

apparatus,  and  the  secondary  winding  forms  a  continuation  of  the 
primary.  The  other  end  of  the  priuiary  winding,  B,  is  led  to  one  side 
of  the  contact  breaker  D,  and  to  one  terminal  of  the  condenser,  the 
other  terminal  of  the  condenser  and  the  moving  arm  of  the  contact 
breaker  D  being  earthed.  As  in  the  low-tension  forms  of  Bosch 
magneto,  the  changes  of  magnetism  in  the  armature  core  which  give 


Fig.  114.— B<)KCH   Maoneto   Iqmtion   Sisteu. 

rise  to  the  current  are  produced  by  the  rotation  of  a  soft  iron  sleeve,  E, 
which  partially  surrounds  it,  and  is  integral  with  the  hollow  shaft  F, 
which  also  carries  the  notched  disc  G,  and  the  high-tension 
distributing  disc  H.  The  action  of  the  sleeve  E  is  exactly  the  same 
as  in  the  case  of  the  low-tension  mi^neto  ;  that  is,  if  the  sleeve  E 
entirely  encircled  the  armature,  it  would  shield  it  completely  from  the 
action  of  the  Held  magnet.  It  ia,  however,  slotted,  and  when  the  slots 
come  opposite  the  poles  of  the  field  m^net,  the  armature  receives 
tni^etism  from  the  field  magnet,  and  is  deprived  of  it  again  as 
the  slots  pass  round  with  great  rapidity,  and  a.  powerful  current  is 
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consequently  induced  in  its  windings.  The  contacts  of  the  contact 
breaker  D  are  normally  held  together  by  the  action  of  the  disc  G, 
and  during  these  periods  the  low-tension  winding  B  is  closed  on 
itself,  so  that  a  powerful  current  flows  through  it  at  the  moments  when 
the  magnetism  of  its  core  is  being  varied  by  the  rotating  sleeve  K 
When  one  of  the  notches  in  G,  which  are  steep  on  the  one  side  and 
bevelled  on  the  other,  come  under  the  Ipwer  end  of  the  contact  lever 
arm  D,  the  latter  snaps  back,  owing  to  the  action  of  its  spring, 
separates  the  two  contacts,  and  breaks  the  circuit  of  B.  This 
produces  a  high-tension  current  in  the  secondary  or  fine  wire  winding 
C,  just  as  in  an  ordinary  induction  coil,  the  condenser  Z  Z  increasing 
the  eCFect  in  the  well-known  way.  The  secondary  winding,  being 
connected  to  the  primary  as  already  described,  and  as  it  is  earthed 
through  it,  successively  connecting  the  central  rods  of  the  sparking 


Fig.  •145. — Bosch   Ignition    System   poe  Onk-cylinder   Motor. 

plugs  a  to  the  opposite  end  of  the  secondary  C,  causes  sparks  to  pass 
in  the  four  cylinders  at  the  right  moments,  the  tension  or  voltage 
of  the  primary  and  secondary  being  added  to  one  another.  The 
distribution  is  effected  by  the  commutator  or  distributor  H.  This 
consists  of  the  rotating  disc  H,  carrying  the  metal  plate  C  C,  which 
is  in  connection  with  the  insulated  end  of  the  secondary  winding  C. 
As  the  disc  revolves,  this  metal  plate  makes  contact  successively  wth 
the  fixed  brushes  J,  K,  L,  M,  which  it  does  in  each  case  just  before 
the  notches  in  G  cause  D  to  break  tlie  primary  circuit  B.  Sparks 
take  place  successively  at  the  right  moments  accordingly  in  the  four 
cylinders.  The  new  Bosch  ignition  may  claim  practically  the  same 
advantages  as  the  Eisemann,  and  is  more  compact,  not  having  a 
separate  induction  coil ;  but  the  latter  allows  of  advancing  or 
retarding  the  moment  of  sparking,  which,  however,  could  be  easily 
applied  to  the  Bosch  system  by  making  the  hollow  shaft  F  displace- 
able  relatively  to  the  motor  shaft  in  practically  the  same  way.  The 
description  of  the  Eisemann  and  Bosch  ignition  systems  are  due  to  the 
Automotor  Journal. 
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Fig.  145  shows  the  new  Bosch  arrangement  as  applied  to  a  single 
cylinder.  All  the  parts  are  similarly  arranged,  except  that  the  high- 
tension  distributor  is,  of  course,  superfluous  arid  is  omitted.  The  new 
Bosch  ignition  is  claimed  to  act  in  much  the  same  way  as  a  high- 
tension  spark  in  combination  with  the  electric  arc,  the  high-tension 
spark  being  used  to  start  the  arc,  which  then  follows  across  the  path 
which  the  high-tension  spark  has  opened  up  for  it,  with,  of  course,  a 
vastly  greater  volume  and  heating  power  than  that  possessed  by  the 
spark  which  started  it.  It  is  hardly  possible,  however,  that  this  can 
be  the  case,  for  the  relatively  great  "  thickness,"  that  is  to  say,  in 
reality  amperage  of  low-tension  sparks,  as  compared  with  high-tension, 
is  due  to  the  small  self-induction  in  the  circuits  which  produce  them. 


Fig.  14fl. 


Fig.  147. 


Figs.  146  and  147. — Dawson  Ignition  Maonbto  Machine. 

In  this  case,  however,  the  self-induction  of  the  secondary  is  added  to 
that  of  the  primary,  and  the  amperage  or  volume  of  the  spark  can- 
not be  seriously  greater  than  that  which  the  high-tension  winding 
would  of  itself  allow  to  pass. 

The  Bergmann  rotary  magneto  is  said  to  have  given  satisfaction 
on  the  German  Daimler  car;  it  produces  low-tension  alternating 
currents,  with  which  insulation  is  easy,  while  the  only  moving  part 
is  the  rotary  armature.  The  magneto,  even  at  very  low  speeds, 
produces  sparks  sufficiently  intense. 

The  Dawson  ignition  magneto  machine  (Figs.  146  and  147)  is  driven 
by  a  chain  from  the  motor,  the  chaili-wheel  E  driving  the  armature 
at  a  higher  rate  of  speed  through  an  epicyclic  gear  contained  in  the 
casing  D ;  this  casing  also  serves  for  varying  the  moment  of  ignition, 
which  is  effected  by  giving  it  a  rotary  movement  about  the  shaft  and 
by  thus  altering  the  relative  angular  positions  of  the  chain  wheel  and 


174  THE   AUTOMOBILE. 

the  armature.  The  pulsating  current  is  conducted  from  a  collector  C 
to  the  primary  winding  of  an  induction  coil,  of  which  the  secondary 
or  high-tension  terminal  is  connected  electrically  to  the  terminal  R 
A  distributing  commutator,  driven  by  a  speed-reducing  gear,  is  fitted 
on  the  machine,  and  this  distributor  alternately  connects  the  high- 
tension  conductor  with  each  of  the  four  terminals,  1,  2,  3,  and  4, 
shown,  from  which  separate  wires  lead  to  each  of  the  sparking  plugs  in 
the  four  cylinders  of  the  Dawson  motor.  The  cover  of  the  interrupter 
case  is  held  in  place  by  the  nut  A. 

Coils  employed  for  ignition  must  be  very  carefully  constructed, 
on  account  of  the  vibrations  they  have  to  undergo,  and  for  good 
service  they  must  buzz  vigorously.  Often  a  coil  can  be  made 
active  again  simply  by  rubbing  with  emery  paper  the  end  of  the 
bundle  of  soft  iron  wires  against  which  the  clapper  works.  A 
large  coil  consumes  less  power  than  a  small  one,  the  heat  oi  the 
spark  being  proportional  to  the  length  of  the  secondary  wire; 
this  detail  should  be  noted,  because  coils  which  expend  the  least 
current  are  sought  for  in  electric  ignition.  Normally,  an  ordinary 
Ruhmkorff'  coil  gives  3  amperes,  and  Bassee  and  Michel  manu- 
facture coils  which  require  only  15  ampere;  those  of  Rossel  require 
only  five-tenths  to  seven-tenths  ampere  per  hour.  The  Peugeot 
firm  has  employed  the  Rossel  coils,  energised  by  batteries  made 
by  the  Society  le  Carbbne,  these  batteries  working  for  800  to 
1,000  hours.  Coils  without  contact-breakers,  it  appears,  are  better 
when  the  motor  performs  more  than  1,500  revolutions  per  minute, 
and  they  have  always  the  advantage  of  reducing  current  eon- 
sumption  to  a  minimum,  except,  however,  when  at  an  untimely 
moment  they  allow  current  to  pass  without  any  warning ;  the 
buzz  of  the  contact-breaker  is  valuable  in  this  respect.  The  Aster 
motor  employed  a  Rochefort  coil. 

The  Bassee-Michel  new  high  speed  induction  coil  is  shown 
in  section  by  Fig.  148.  The  type  for  a  one-cylinder  motor  has 
three  terminals,  the  positive  wire  from  the  accumulator  being 
attached  to  one  marked  P*  (these  letters  refer  to  the  actual 
apparatus  and  not  to  Fig.  148) ;  the  two  others  are  B  and  C  re- 
sppctively,  and  to  C  the  negative  earth  is  coupled,  whilst  to  B  is 
attached  the  sparking  plug  high  tension  wire,  the  return  high 
tension  circuit  being  through  the  earthed  wire  to  C.  The  magnetic 
trembler  is  a  special  feature  :  its  blade  A  (Fig.  148)  is  screwed  at  one 
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end  to  block  B,  its  other  end  resting  freely  upon  stop  C.  Tbe 
blade  carries  a  light  block  F,  to  which  are  fixed  two  spring  plates  E. 
supporting  the  iron  magnetic  plate  D.  The  adjustable  contact 
screw  H  (carried  by  bridge  J),  and  the  trembler  A  have  good 
platinum  contacts  set  squarely  up  to  one  another.  When  the  coil  is 
energised  with  current,  the  iron  wire  core  L  becomes  magnetised  and 
attracts  the  plate  D,  which  being  held  between  the  unsupported 
spring  plates,  is  free  to  swing  on  the  light  blocks  F,  this  causing 
the  trembler  plate  A  to  give  in  the  centre  where  the  platinum 
contacts  are ;  these  then  are  pulled  apart  squarely.  When  properly 
adjusted,  the  trembler  is  exceedingly  sensitive,  and  the  coil  has  been 
used  on  a  Dion-Bouton  motor  running  at  2,800  revolutions  per 
minute,  without  a  single  miss-tire.  When  the  contact  screw  has  been 
set,  it  is  locked  in  position  by  turning  the  hexagon  nut  K. 


The  sparking  cam,  that  is  the  cam  that  operates  the  spark- 
ing, is  often  a  cylinder  of  insulating  material,  often  compressed 
wood  fibre ;  a  metallic  conductor  connects  the  cam  axis  with  its 
periphery,  and  when  this  conductor  touches  a  metal  contact,  con- 
stantly presseil  against  the  cylinder  by  a  spring,  the  current 
circulates.  The  sparking  plug  is  the  element  from  the  extremity 
of  which  the  spark  issues  into  the  midst  of  the  explosive  mixture. 

Essentially,  the  sparking  plug  is  a  wire  occupying  the  centre 
of  a  porcelain  cylinder  held  by  a  nut  in  a  metal  socket,  itself 
forming  a  screw  to  fit  into  the  cylinder  head.  The  threads  of 
this  screw  carry  a  small  platinum  hook,  which  is  distant  1  mm. 
(004  in.)  from  the  end  of  the  wire.  The  wire  from  one  side  aud 
the  metal  bulk  of  the  motor  from  the  other  communicate  with 
the  secondary  circuit  of  the  coil,  and  as  the  porcelain  cylinder 
insulates  them  one  from  the  other,  there  is  no  short  circuit 
between  them,  and  the  spark  is  emitted  between  the  end  of  the 
wire  and  the  platinum  hook.     The  central  wire  is  1  mm.  (004  in.) 
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less  in  diameter  than  the  channel  in  which  it  is  sealed  with 
plaster-of- Paris.  Frequently  it  is  made  of  nickel,  and  then  it  has 
a  bit  of  platinum  brazed  on  at  the  sparking  end.  The  non-oxid- 
ability  of  nickel  is  a  valuable  quality  for  preventing  short  circuits, 
which  are  particularly  to  be  feared  with  the  sooting  of  the  plug. 
The  term  *' sooting"  implies  the  impregnation  of  the  plug  with 
soot,  due  to  combustion  of  the  explosive  mixture  when  carburet- 
ting  is  bad.  This  soot  penetrates  the  smallest  cracks  in  the  por- 
celain, more  especially  during  compression  of  the  mixture.  To 
make  sooting  less  frequent,  a  denser  asbestos  porcelain  has  been 
proposed  instead  of  ordinary  porcelain.  The  construction  of  spark- 
ing plugs  has  been  the  object  of  important  improvements.  Bassee 
and  Michel  invented  a  plug  that  may  be  taken  to  pieces.  In 
Fig.  149,  which  shows  this  plug,  A  is  the  socket,  a  the  platinum 
point,  C  the  steel  washer  to  ensure  tightening,  B  tightening  nut, 
P  porcelain  pencil,  T  T  central  wire,  R  copper  washer  and  asbestos, 
D  brass  cap,  if)X7n  knurled  nuts,  n  lock  nut.  The  porcelain  pencil, 
instead  of  being  sealed  in  the  socket,  merely  slips  into  it,  gas- 
tightness  being  ensured  by  an  asbestos  packing  pressed  against 
the  shoulder  P  by  the  nut  B. 

The  Reclus  sparking  plug  was  designed  with  a  view  to  prevent 
failure  of  sparking  caused  by  variation  in  the  spacing  of  the  points 
(due  particularly  to  their  expansion)  and  rupture  of  the  porcelain. 
To  avoid  the  first,  the  central  rod  terminates  with  a  massive  bullet- 
shaped  end  instead  of  in  a  point,  and  this  rod  is  never  made 
incandescent,  and  always  allows  of  the  spark  being  made  at  any 
point  on  its  circumference.  During  a  journey  this  spark  is  emitted 
sufficiently  forward  in  the  cylinder  to  enter  the  midst  of  the  new 
gases.  To  avoid  breakage,  the  porcelain  is  not  fixed  in  a  screwed 
socket,  but  is  fastened  in  its  metal  jacket  by  a  special  cement 
which  prevents  all  leakage.  Porcelain  usually  breaks,  because  one 
end  is  exposed  to  a  great  temperature  whilst  the  other  is  cooled 
by  the  outer  air,  the  expansion,  in  consequence,  being  unequal. 

The  Helical  ignition  plug,  according  to  Baudry  de  Saunier,  is  so 
named  merely  because  the  wire  of  the  secondary  current  is  not 
fastened  to  it  by  a  screw  in  the  ordinary  way,  but  first  passes,  twisted 
into  a  little  ring,  in  the  turns  of  a  coil  placed  at  the  top  {see  the 
section  Fig.  150).  The  advantage  is  that  the  porcelain  is  not  broken 
when  a  clumsy  attendant  exerts  too  gi-eat  a  twist  upon  the  nut  in 


PETROL    MOTORS.  177 

tightening  up  the  wire.  The  usual  defect  of  the  central  spindle 
^ttiog  too  hot  and  its  expansion  causing  the  breakage  of  the  porce- 
lain is  got  over  by  this  method  of  fastening  the  secondary  wire.  The 
central  spindle  is  fixed  to  the  porcelain  in  one  place  only  (Fig.  150), 
and  so  is  free  to  expand ;  and  the  common  defect  of  one  end  of  the 
porcelain  being  hot  whilst  the  other  is  cold  is  done  away  with  by 
making  the  porcelain  in  two  pieces,  separated  by  a  non-conducting 
wad ;  difference  of  temperature  then  does  not  cause  fracture. 


In  the  Steatite  ignition  plug  made  by  Fr6my  and  Mare,  soapstonc 
or  steatite  replaces  porcelain  ;  it  is  easily  machined  in  its  natural 
state,  is  very  hard  and  strong  -  after  baking,  and  has  a  liigh 
insulating  value,  whilst  it  does  not  appear  to  be  so  brittle  as  ordinarj- 
porcelain.  The  construction  of  the  plug  is  shown  by  the  section 
Fig.  1.51,  in  which  A  is  a  steel  plug  which  screws  into  the  cylinder  wall 
and  is  fitted  with  a  bridge  piece  across  its  inner  end,  the  bridge 
camrinp  a  contact  piece  at  its  centre.  A  block  of  steatite  G  fits 
inside  the  plug  A,  being  held  by  screwed  cap  B,  which  forces  the 
ground-in  shoulder   of  the  steatite  to  make  a  tight  joint  with   the 
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metal  plug.  The  bore  of  the  steatite  is  in  two  diiferent  diameters, 
and  a  brass  rod  C  passes  through  it  from  the  one  end,  where  a  steel  top 
E  is  screwed  to  it,  to  the  other  end,  where  a  brass  cap  H  screws  over 
it  and  holds  it  rigidly  to  the  steatite.  Inside  the  larger  hole 
in  the  steatite  a  glass  tube  F  surrounds  the  rod  C.  A  milled 
nut  D  attaches  a  conducting  wire  to  the  insulated  rod.  The 
absence  of  packing  in  the  joints  between  the  metal  and  insulator 
is  an  advantage,  and  the  plug  may  be  recommended.  In  fitting  it  to 
small  de  Dion-Bouton  motors,  however,  the  bridge  piece  carrying  the 
contact  is  liable  to  foul  the  induction  and  exhaust  valves,  unless 
when  screwing  the  plug  intb  the  cylinder  the  joint  is  packed  so  that 
the  bridge  lies  parallel  with  the  valve  heads  ;  but  perhaps  the  makers 
have  already  given  attention  to  this  slight  defect. 

The  G.  Richard  plug,  Fig.  152  is  designed  to  overcome  certain 
defects  existing  in  the  ordinary  types  ;  in  these  under  the  influence  of 
the  high  temperature  the  cement  fixing  the  rod  to  the  *porcelain  de- 
teriorates, or  if,  instead  of  cement,  screws  are  used  the  difference  in  the 
expansions  of  the  rod  and  the  porcelain  tube  causes  the  joints  to  be 
altered  in  such  a  way  that  a  current  of  gas  or  air  suflScient  to  extin- 
guish the  spark  may  be  produced  around  the  rod.  In  the  G.  Richard 
plug,  shown  in  section  by  Fig.  153,  A  is  the  porcelain  tube  enclosing 
the  metal  rod  B,  at  whose  end  is  a  head  C,  separated  from  the  end 
of  the  porcelain  tube  by  a  copper  washer  a ;  the  little  rod  h  is  con- 
nected to  the  mass  of  the  motor.  At  the  other  end  of  the  porcelain 
is  an  asbestos  washer  c,  over  which  is  a  copper  washer  d,  pressed 
against  by  a  spring  R.  According  to  usual  practice,  the  rod  B  has  its 
end  threaded  to  receive  the  nut  D,  by  means  of  which  the  rod  B  is 
held  firmly  in  the  porcelain  tube  \  D  receives  the  electric  conductor  e, 
which  is  held  by  the  thumbscrew  /.  Owing  to  the  spring  R,  com- 
pressed by  nut  D,  the  head  C  is  pressed  firmly  against  the  tube  A, 
and  there  also  is  a  tight  joint  at  the  other  end  between  c,  d,  and  A, 
Thus  a  good  joint  is  formed,  which  does  not  allow  the  passage  of  gas 
or  air  when  the  parts  expand,  the  difference  in  expansion  being  met 
by  the  action  of  the  spring. 

The  de  Dion-Bouton  new  plug  (Fig.  154)  screws  into  the  cylinder 
wall  at  A,  and  the  inner  extremity  of  the  porcelain,  B,  has  the  form  of 
an  obus.  Connection  is  made  at  C,  the  current  passing  back  from  the 
sparking  point  D  through  E  and  the  mass  of  the  motor  walL  The 
porcelain  is  secured  by  the  screw  plug  F. 
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The  Peugoot  ignition  plug,  shown  in  section  by  Fig.  155,  has  its 
construction  based  on  the  fact  that  carbon  deposits  do  not  tend  to 
fomi  inside  small  cavities  in  the  combustion  chamber  ;  it  will  be 
noticed  from  Fig.  155  that  the  insulating  surface  inside  the  com- 
bustion chamber  is  considerable,  and  is  placed  in  a  deep  cavity.  The 
conducting  wire  cc  passes  through  the  porcelain  a  a,  and  is  bent 
over  to  form  the  sparking  point  d.  The  porcelain  has  a  collar  b  b, 
and  is  held  inside  the  metallic  portion  of  the  plug  by  means  of  a 
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screwed  cap  and  insulating  packing.  The  porcelain  itself  does  not 
touch  either  of  the  outside  metal  parts  at  any  point,  and  it  projects 
some  distance  into  the  larger  portion  of  the  cavity.  Between  the 
porcelain  and  the  metal  plug  in  the  smaller  part  of  the  cavity  the 
distance  is  about  2  mm.  by  20  mm.  {0078  in.  by  078  in.). 

The  Automobilia  attachment  for  preventing  lubricating  oil  being 
thrown  on  the  sparking  plug  is  shown  in  section  by  Fig.  150.  The 
attachment  screws  into  the  hole  in  the  motor  cylinder  tapped  to 
receive  the  sptu-ktug  plug  itself,  and  it  is  evident  from  Fig.  15<>,  in 
which  A  is  the  cylinder  head  and  B  the  sparking  plug,  that  the 
cliance  of  oil  reaching  the  sparking  points  is  remote. 
m2 
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The  Panhard  and  Levassor  ignition  plug  is  of  a  special  kind, 
and  is  the  result  of  an  accidental  "  discovery."  When  a  high  tension 
wire,  instead  of  being  attached  to  a  plug  conductor  wire,  is  set  at 
from  1  ram.  to  2  mm.  (04  in.  to  08  in,)  away  from  it.  the  spark 
jumps  the  interval  between  the  platinum  points  within  the  motor 
cylinder,  whether  they  are  covered  with  oil  or  not,  a  second  advantage 
being  that  it  is  easily  seen  whether  the  current  is  passing  properly 
to  the  plug.  The  firm  had  protected  the  outer  end  of  some  plugs 
with  an  ebonite  cap  A  (Ftg.  157),  fitted  under  which  was  a  metal 
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contact  boss,  B,  from  which  current  was  conducted  to  the  working  end 
of  the  plug  by  a  light  copper  spring.  On  removing  the  cap  of 
one  of  the  plugs  the  copper  spring  conductor  was  found  to  be  absent 
between  C  and  D,  but  in  spite  of  thi.s  apparent  faulty  construction 
the  firing  was  perfect;  the  coil  used  could  give  a  spark  15  mm. 
(-59  in.)  long,  and  the  gap  was  only  about  3  mm.  (-llS  in.),  so  this 
was  not  astonishing.  But  it  was  a  surprise  to  find  that,  no  matter 
how  this  particular  plug  was  drowned  in  oil,  it  sparked  as  well  as  ever, 
though  it  failed  to  work  when  the  connection  was  made  quite  com- 
plelo.  sparking  tlirough  the  oil  again  commencing  when  the  connection 
was  broken  within  the  cap.  The  following  is  Baudry  de  Saunier's 
su^estiou  as  to  how  this  principle  of  constructing  an  oil-defj-ing 
sparking   phig   may   be    easily  applied :   Screw  an  ebonite  collar  E 


PETROL   MOTORS.  181 

(Fig.  158)  to  an  ordinary  plug.  The  collar  has  an  arm  carrying 
a  small  copper  angle  piece  drilled  and  tapped  for  the  screw  C, 
which  with  lock-nuts  form  an  attachment  for  the  secondary  wire. 
The  current  then  has  to  jump  the  distance  of  1  mm.  or  2  mm. 
(*04  in.  or  08  in.)  between  C  and  the  head  D,  of  the  insulated  pin 
in  the  plug.  This  principle  is  not  new  to  electrical  science,  and  now 
many  plugs  embodying  it  are  on  the  market. 

There  is  great  difficulty  in  securing  absolute  synchronism  of  the 
operations  forming  the  cycle  in  each  cylinder  in  multi-cylinder  petrol 
motors,  and  for  this  reason  four-cylinder  motors  generally  fail  to  give 
double  the  horse-power  of  two-cylinder  motors  of  the  same  dimensions. 
Though  care  in  design  and  accuracy  of  workmanship  can  ensure 
synchronism  in  many  respects,  there  are  certain  contingencies  which 
mechanical  construction  alone  cannot  guard  against.  Causes  which 
are  avoidable  by  careful  manufacture  are  those  arising  from  differences 
in  the  capacities  of  the  combustion  chambers  from  leaking  pistons  or 
valves,  from  variations  in  the  length  of  the  induction  pipe  between  the 
carburetter  and  each  cylinder,  or  from  varying  resistances  to  the 
escape  of  the  exhaust  gases  from  the  cylinders.  The  chief  source  of 
trouble,  however,  has  hitherto  resulted  from  the  electric  ignition 
systems  employed,  and  the  difficulty  which  is  experienced  in  tuning 
two  or  more  coils,  their  tremblers,  and  their  contact  breakers,  so  as  to 
bring  them  into  unison  with  one  another.  The  Autoviotor  Journal 
has  recently  devoted  much  attention  to  this  subject,  and  the  following 
descriptions  of  three  different  systems  in  which  the  electric  ignition 
apparatus  is  modified  in  such  a  way  as  to  reduce  this  risk,  arc  taken 
with  the  illustrations  from  its  columns.  The  three  systems  are  those  of 
Chenard  and  Walcker,  Wilson  and  Pilcher,  and  F.  C.  Blake,  and  these 
are  diagrammatically  shown  for  purposes  of  comparison  by  Figs.  159 
to  161 ;  all  these  employ  but  one  vibrating  trembler.  In  the  first  of 
these,  one  coil,  one  condenser,  and  one  trembler  serve  for  two 
cylinders  ;  in  the  second,  four  coils,  one  condenser,  and  one  trembler 
are  used  for  four  cylinders  ;  and  in  the  third,  a  single  coil,  with  its 
trembler  and  condenser,  serves  for  four  cylinders.  In  the  majority  of 
cars,  one  coil,  one  trembler,  and  one  condenser  are  necessary  for 
each  cylinder.  A  multiplicity  of  tremblers  is  objectionable,  because 
each  one  is  liable  to  have  its  own  particular  speed  of  vibration, 
and  that  since  the  moment  and  intensity  of  the  spark  depends 
upon   its  movement,    the   relative    time    at   which  the    explosions 
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occur  ma}'  differ  materially.  In  many  ordinary  commutators, 
in  which  one  cam  operates  two  or  more  contact  springs 
successively,  it  is  almost  impossible  for  the  contact  points  against 
which  the  springs  are  pressed  to  remain  in  correct  adjustment 
relatively  to  one  another,  apart  altogether  from  the  consideration  that 
the  contact  services  of  some  may  be  cleaner  than  those  of  others.  In 
the  three  systems  here  dealt  with  the  commutators  are  so  designed 
that  careful  machining  is  all  that  is  required  to  enable  absolute 
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accuracy  to  be  attained.  In  Figs.  159  to  161  the  cylinders  are  repre- 
sented by  "  Cy].,"  the  commutator  spindles  by  A,  the  tremblers  by  B, 
the  high-tension  wires  from  the  coils  by  the  letters  C  and  D,  primary 
by  P,  secondary  by  Q,  and  the  condensers  by  R 

In  the  Chenard  and  Walcker  ignition  system  (Fig.  159),  a  single 
induction  coil,  fitted  with  its  own  trembler,  has  two  secondary 
terminals,  C  and  D,  connected  to  the  insulated  portions  of  the  two 
ignition  plugs.  The  current  from  the  battery  is  led  through  a 
"  making  and  breaking "  device,  E,  in  the  commutator,  which  is 
operated  by  the  two  projections  shown  on  the  cam  F.  The  primary 
circuit  is  thus  completed  when  a  spark  is  reqj^red  in  either  cylinder. 
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and  since  the  current  flows  from  plug  to  plug  through  the  cylinder 
casting  both  sparks  occur  simultaneously,  although  only  one  at  a 
time  is  really  required.  In  this  system  synchronism  depends  upon 
the  proper  construction  of  the  cam  F  and  its  projections  ;  any  lag 
which  may  be  introduced  by  the  coil,  its  trembler,  or  the  contact 
maker  being  common  to  both  cylinders. 

In  the  Wilson  and  Pilcher  ignition  system  (Fig.  160),  the  primary 
windings  of  the  four  coils  are  alternately  connected  with  the  battery 
through  an  independently  operated  trembler,  which  is  worked  by  a 
small  electro-magnet,  and  is  provided  with  a  condenser.  The 
conmiutator  is  represented  diagrammatically  in  Fig.  160,  where  A  is  its 
half-speed  shaft,  E  the  revolving  contact  spring,  and  G,  H,  I,  and  J 
are  the  four  stationary  contact  blocks  against  which  E  presses. 
Separate  wires  lead  from  each  of  these  contact  blocks  to  one  end 
of  the  primaries  of  the  respective  coils,  and  the  wire  from  the  other 
terminal  of  the  battery  branches  to  the  other  ends,  K,  L,  M,  and  N, 
of  the  primary  coils.  The  high-tension  connections  from  the  coils  to 
the  plugs  are  as  usual,  C  showing  the  four  insulated  terminals,  and  D 
the  earthed  wires.  Synchronism  depends  entirely  upon  the  similarity  of 
the  four  coils  and  upon  the  proper  construction  of  the  commutator. 

In  the  Blake  ignition  system.  Fig.  161,  an  ordinary  coil  with  trembler 
and  condenser  is  used,  and  the  commutator  automatically  connects  the 
battery  with  its  primary  terminals,  K  and  L,  each  time  that  the  spark 
is  required  in  any  of  the  cylinders.  The  commutator  spindle  A  also 
drives  a  high-tension  switch  connection,  which  alternately  puts  the 
insulated  secondary  terminal  C  in  electrical  communication  with  the 
four  ignition  plugs,  through  the  contact  blocks  G,  H,  I  and  J 
before  the  primary  circuit  is  completed,  and  does  not  interrupt  them 
till  after  the  primary  connections  are  broken.  The  secondary  wire 
D  is  earthed  as  usual ;  O  shows  the  common  wire.  The  Holden  and 
Bolide  systems  are  very  similar. 

Improvements  on  existing  systems  of  electric  ignition  are 
admissible  on  two  lines — automatic  timing  and  automatic  consumption 
of  current,  according  to  Capt.  Longridge,  who  holds  that  the  timing 
of  the  spark  should  adjust  itself  automatically  to  the  speed  of  the 
motor,  for  with  early  ignition  there  is  injurious  strain  on  the 
engine,  probable  heating  of  the  crank-pin,  and  undue  wear  on 
the  crank-shaft  bearings,  and  with  late  ignition  there  is  considerable 
loss  of  power,    high    exhaust    pressure,  with   increased  strain  on 
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the  exhaust  valve  gear,  incomplete  combustion,  sufficiently  prolonged, 
perhaps,  to  cause  gradually  burning  of  the  valves,  and  possibly 
back-firing  of  the  fresh  charge.  It  might  be  well  to  so  dimension 
the  compression  chamber  and  stroke  aa  to  produce  at  the  dead 
points  slightly  more  compression  than  it  is  intended  to  use  for 
the  explosion,  thus  allowing  the  crank  to  pass  the  dead  point 
and  gather  way  before  the  mixture  is  ignited  at  the  working 
compression  point.  In  any  case,  efficient  running  greatly  depends 
on  accurate  ignition.  At  present  timing  is  mostly  left  to  hand 
regulation  by  the  driver,  but  attention  is  now  being  given  to 
automatic  spark  controllers,  one  of  which  is  illustrated  at  Fig.  1()2. 
Here  the  fibre  contact-breaker  disc  E  is  mounted  on  a  sleeve 
V,   rotatable  round   the   motor    shaft   A.      As   the  speed   increases 


the  centrifugal  masses  P  and  P',  pivoted  on  the  studs  D,  are 
forced  outwards,  causing  partial  rotation  of  the  toothed  sectors. 
The  two -sectors  thus  advance  the  position  of  the  disc,  so  that  the 
brush  M  establishes  earlier  touch  with  the  contact  plate  C. 

Automatic  regulation  of  the  current  is  of  chief  importance  where 
accumuktora  only  are  used.  At  present  the  circuit  is  usually 
made  by  a  brush  brought  in  touch  with  a  contact  piece  on  a 
rotary  disc.  If  this  contact  piece  is  of  sufficient  width  for  high 
speed,  it  will  pass  more  than  sufficient  current  when  the  speed 
is  reduceil  To  obtain  automatic  regulation  of  the  current  and 
of  the  time  of  sparking,  Captain  Longridge  suggests  using  wedge- 
shaped  contact  pieces  on  the  rotating  disc,  and  allowing  the  disc, 
under  the  direction  of  a  governor,  an  in-and-out  movement  on 
the  shaft  {m'.e  Fig.  163).  As  the  motor  speed  increased,  the  disc 
would  slide,  say  backwards,  bringing  the  wider  portion  of  the 
contact  pieces  under  the  bmsh ;  as  the  speed  decreased  the  reverse 
would    take    place.      This    would    give    increased    contact    uurface 
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and    earlier    firing    for    high    speeds,    Avith    lessened    surface    and 
later  ignition  for  slower  speeds. 

In  the  system  of  ignition  by  incandescent  tubes  and  burners, 
a  small  hollow  tube  is  placed  on  the  bottom  of  the  explosion  chamber. 
After  the  exhaust  a  certain  quantity  of  burnt  gases  remains  on  the 
bottom  and  in  the  tube  itSelf  After  admission  of  the  new  gases, 
and  during  compression,   the  mixing  of  the   two  kinds  of  gas  is 
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Fig.    164. — LONGVEMAKB   BuRNSh 

FOR  Ignition  Tubes. 


slight,  and  the  explosive  mixture  does  not  come  into  contact  with 
the  tube.  It  is  only  when  compression  is  at  its  maximum,  and 
the  inert  gases  are  driven  to  the  end  of  the  chamber,  that  the  gas 
reaches  it,  and  the  explosion  occurs.  By  pushing  in  the  tube  more 
or  less  the  motor  can  be  regulated  for  various  degrees  of  com- 
pression. Sometimes  the  tube  is  made  of  porcelain  or  nickel,  but 
generally  it  is  of  platinum,  which  does  not  oxidise  or  alter  its 
shape  in  the  fire,  and  has  the  valuable  quality,  when  once  made 
red  hot,  of  remaining  incandescent  in  contact  with  hydrocarbons. 
These  advantages  discount  its  high  price,  from  which,  besides,  the 
sale  price  of  old  tubes  must  be  deducted.  Nickel  is  one-fifteenth 
the  cost  of  platinum,  but  lasts  only  three  or  four  months.  The 
ignition   tube  is  fixed  on  the  cylinder  by  means  of  a  little  collar 
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tightened  gainst  a  tube  holder,  screwed  in  the  breech  by  a  cap 
nut,  the  bottom  of  which  is  furnished  with  asbestos  washers.  Owing 
to  being  carbonised,  these  washers  must  frequently  be  tightened 
and  replaced.  The  Leon  Bolide  firm  has  introduced  a  new  joint 
without  asbestos,  which  is  thought  to  be  very  good 

The    burners  which  heat  the  ignition  tubes    to  incandescence 

and   maintain  thera   so   are   of   various    types.     It   may  be   useful, 

in    order    at    a    given    moment    to     accelerate    their    combustion, 

to  furnish  them  with  a  tube  and  an  indiarubber  pear  or  ball  to 

blow  air  into   them.     Sometimes  the   tube  is  wrapped 

round  with  a  nickel  wire  05  mm.  (0-02  in.)  in  diameter 

to  keep   its  temperature  high    enough  to   relight  the 

burner  when  suddenly  extinguished. 

The  Longuemare  burner  (Fig.  164)  is  well  known  ;  it  is 

started  by  igniting  the  alcohol,  of  which  the  cups  H  are 

about  one-third  full.     The  pressure  of  compressed  air 

admitted  by  pipe  K  into  the  petrol  spirit  tank  L  should 

be  about  1  kg.  per  cm.*  (H'2  lb.  per  sq.  in.).     Burners  G 

have  each  a  blow-pipe  with  platinum  tube.     Sufficient  air 

for  burning  the  petrol  spirit  is  drawn  in  automatically. 

Incandescence   is   regulated  by   taps  F,  which  have  an 

asbestos  stuffing  box  I;  a  temperature  of  about  1,300°  C. 

can  be  attained.       The  tank    L,  about  8  cm.  (3  in.)  in 

diameter  and  30  cm.  (12  in.)  long,  has  a  filling  plug  A, 

pressure  gauge  E,  and  emptying  plug  D,  contains  nearly 

BoLLtiB      ^  ^-  i^'"^^  P'-)  °f  petrol   spirit,  and    can    feed  through 

Burner.      J  two  bumers  fot  eight  hours.      Air  enters  cylinder  L 

through  cock  R  and  tube  T.     B  is  a  gauge-cock.      A 

new  burner,  introduced  by  Madame  Vv&  Longuemare,  only  needs  a 

slight  pressure  for  work.      A  stroke  of  the  pump  P,  and  a  slight 

heating  of  the  tube  suffice   to    start   it   working,   there   being  no 

need  of  an  alcohol  cup. 

In  the  Boll^  burner,  Fig.  165,  the  tube  a,  which  supports  the 
whole,  has  Inside  it  a  cotton  wick  reaching  not  quite  to  the  top. 
where  there  is  a  cap  pierced  with  a  very-  small  hole  and  surrounded 
by  a  perforated  sleeve.  The  burner  is  started  by  external  heating. 
On  the  inlet  tube  e  for  the  petrol  spirit  there  is  an  air  bell  which 
impedes  movement  in  the  column  of  liquid  during  motion  of  the 
carriage. 
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The  Guillou  incandescent  tube  is  heated  by  an  alcohol  burner 
which  consumes  about  1  1.  (176  pt)  in  20  hours.  The  burner, 
chimney,  inspection  chamber,  and  vaporiser  are  made  in  one  piece, 
and  into  this  slides  a  porcelain  ignition  tube  which  makes  a  gas- 
tight  joint  with  a  connection  fitting,  which  fixes  into  the  cylinder 
wall.  The  ignition  tube  and  burner  can  be  removed  without  the 
use  of  tools  by  loosening  a  thumbscrew.  The  moment  of  ignition 
has  to  be  regulated  once  and  for  all  to  suit  the  motor  by  placing 
a  greater  or  less  number  of  displacement  pieces  in  a  side  chamber 
branching  from  the  passage  between  the  cylinder  and  the  ignition 
tube. 

A  comparison  of  electric  and  incandescent  tube  ignition  shows 
the  advantages  of  electric  ignition  to  be  as  follow.  Its  starting  is 
instantaneous,  and  if  ignition  is  at  a  minimum  advance,  cannot  bo 
accompanied  by  an  adverse  explosion  produced  before  the  piston 
finishes  its  compression  stroke.  Extinction  is  also  instantaneous, 
and  it  is  possible  to  put  on  the  brake  by  compressing  the  cylinder 
charge  which  for  the  purpose  is  prevented  from  exploding.  Owing 
to  the  absence  of  burners,  there  is  less  danger  of  fire.  There  is 
surer  ignition  when  the  spark  issues  well  into  the  mixture.  Even 
if  compression  is  slight,  still  the  motor  works,  and  consequently 
the  car  can  be  run  at  a  slow  rate  of  speed,  whereas  with  burners 
if  the  compression  is  so  slight  as  not  to  bring  the  new  gases  into 
contact  with  the  tube,  running  is  impossible. 

Electric  ignition  makes  it  possible  for  the  moment  of  ignition 
in  a  petrol  motor  to  be  advanced  when  such  is  desirable  to 
suit  different  conditions  with  regard  to  the  carburetted  mixture. 
Transmission  of  the  combustion  in  the  carburetted  mixture  is  not 
so  rapid  as  might  be  thought ;  if  ignition  occurs  at  the  moment 
when  the  piston  is  at  the  extreme  point  of  its  stroke,  that  is  when 
the  crank  pin  is  at  the  dead  point,  combustion  when  the  mixture 
is  too  rich  has  not  time  to  be  complete,  and  the  total  expansive 
power  of  the  mixture  is  not  obtained  in  useful  work.  It  is  better, 
then,  for  ignition  to  occur  a  little  before  the  end  of  the  compression 
stroke.  The  sparking  cam  is  arranged  so  that  with  a  minimum 
advance  the  spark  occurs  just  before  the  end  of  compression ;  with 
a  maximum  advance  the  spark  is  not  given  before  the  commence- 
ment of  the  .second  half  of  the  compression  stroke.  With  electric 
ignition,  irregularity  is  found  to  be  due  mainly  to  short  circuits  in 
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the  battery,  accumulator,  or  conductors,  rupture  of  a  wire,  or  failure 
of  the  contact-breaker.  Other  inconveniences  are  expense,  and  the 
weight  and  bulk  of  the  necessary  apparatus. 

Ignition  by  incandescent  tube  has  been  considered  as  less 
delicate  but  surer  than  electric  ignition.  The  fuel  for  the  burners 
is  petrol  spirit — ordinary  motor  spirit — and  so  there  is  not  any 
separate  source  of  energy  to  be  maintained.  Some  drivers,  how- 
ever, carry  a  separate  supply  for  the  burners.  Tube  ignition  makes 
it  possible  before  starting  to  heat  the  air  for  the  carburetter,  a 
valuable  advantage  in  winter,  and  these  are  all  valuable  qualities. 
No  doubt  extinction  of  the  flame  and  consequent  failure  of  the 
ignition  are  not  impossible,  but  a  long  test  shows  these  incidents  to 
be  rare.  Consequently  the  addition  proposed  by  Clement  and  Michaux 
must  be  considered  useless.  Their  device  produced  a  series  of 
electric  sparks  inside  the  burner  to  keep  it  alight  in  spite  of  wind. 
The  necessary  dynamo  employed  by  these  inventors  would  cause  a 
complication  out  of  all  proportion  with  the  result  to  be  obtained. 
Besides  the  possibility  of  extinction  and  the  length  of  time  (some 
minutes)  required  for  starting,  tube  ignition  may  be  said  to  have  the 
following  inconveniences.  Tubes  heat  the  cylinder,  whilst  the 
constant  endeavour  is  to  keep  it  cool  with  water ;  if  the  cylinder  is 
air  cooled  simply  by  aid  of  wings,  the  heat  of  the  burners  is 
prohibitive  and  electric  ignition  must  be  adopted.  Burners  are  a 
source  of  danger  of  fire.  Baudry  de  Saunier  mentions,  in  particular, 
that  the  petrol  spirit  may,  at  the  instant  when  the  burners  are 
ignited,  enter  them  too  quickly,  and  if  the  burners  are  not  hot 
enough  to  vaporise  it,  the  spirit  may  burn  and  perhaps  set  the 
car  alight,  this  being  the  case  especially  with  pressure  burners. 
It  is  possible  for  tubes  to  ignite  the  charge  at  the  wrong 
moment,  whilst  the  piston  is  moving  backwards  to  compress  the 
mixture;  then  the  piston  is  driven  violently  forwards,  giving  all 
the  mechanism  a  shock  which  may  endanger  the  driver.  The 
burners  consume  and  thus  waste  fuel  during  stoppages,  this  being 
particularly  inconvenient  in  the  case  of  cabs  on  public  service. 
With  these  last,  electric  ignition  seems  to  be  essential,  and  prefer- 
ably the  rupture  spark  is  employed,  this  alone  being  strong  enough 
to  burn  off  the  oil  and  carbonaceous  dust  which  is  deposited  on 
the  sparking  plugs  when  the  work  of  the  cylinders  is  only  inter- 
mittent, but  the  rupture  spark  generally  necessitates   the  employ- 
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inent  of  a  dynamo.  In  such  circumstances  Forestier  asks  whether, 
since  with  a  dynamo  it  is  possible  to  heat  the  carburetter  electric- 
ally, it  would  not  be  well  to  employ  petroleum,  which  is  cheaper 
than  petrol  spirit,  to  drive  the  public  cabs. 

Methods  of  ignition  other  than  the  electric  spark  and  incan- 
descent tube  have  been  tried.  The  Gans  dc  Fabrics  igniter  is  an 
imitatioD  of  Paquelin's  thermo-cautery,  which  consists  of  a  tube 
of  spoDgy  platinum,  on  the  in-side  of  which  a  mixture  of  hydro- 
carbon vapour  and  air  is  blown  constantly.  This  igniter  gives  a 
very  high  temperature,  which  was  brought  accidentally  to  notice 
in  some  experiments  by  the  platinum  melting,  where   feeding  was 


continued  too  long.  Dr.  Gaus  de  Fabrice  concluded  from  hi^ 
studies  on  petrol  motors  that  there  is  a  somewhat  close  relation- 
ship between  the  explosive  force  of  the  mixture  and  the  tem- 
perature of  the  body  producing  it,  and  that  for  this  reason  his 
igniter  should  give  better  results  than  tubes  or  electricity,  the 
temperature  being  higher  than  either.  He  considers  that  the  motor 
efficiency  would  be  increased  by  from  30  to  50  per  cent,  which, 
howe\'er,  seems  impossible ;  and  at  any ,  rate  his  igniter  has  not 
been  tested  on  an  automobile,  it  is  thought 

W'ydt's  electro-catalytic  ignition  device  is  a  recent  invention 
cinhwlying  a  simple  principle.  The  igniter  consists  of  a  fine  spiral 
of  osmium  wire  (C,  Fig.  107}  mounted  at  the  end  of  a  plunger  which 
is  capable  of  movement  inside  the  sleeve  K  (Fig.  166).  This  sleeve,  by 
means  of  the  threaded  end  A,  screws  into  the  motor  cylinder.    The 
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plunger  is  of  insulating  material,  and  carries  a  central  conductor, 
ending  in  a  binding  screw  P,  there  being  another  such  screw  at  B. 
The  ends  of  the  osmium  spiral,  C,  are  connected  to  the  central 
conductor  in  the  plunger  and  make  contact  with  the  inside  of 
sleeve  K ;  thus  when  the  battery  current  is  switched  on  the  osmium 
wire  is  heated  to  incandescence,  causing  the  ignition  of  the  charge  in 
the  motor  cj'linder  combustion  chamber  with  which  A  is  in 
communication.  This  suffices  for  starting  the  motor,  but  after  a 
few  explosions  have  taken  place  the  current  is  switched  oft*,  and  the 
osmium  wire  continues  to  glow  owing  to  the  action  of  the  combustible 
gases.  The  lever  L  enables  the  position  of  the  plunger,  and  con- 
sequently that  of  C,  to  be  varied,  it  being  pushed  in  or  out  against 
the  action  of  the  spiral  spring  D.  By  this  means  the  instant  at  which 
ignition  takes  place  may  be  advanced  or  retarded,  since  when  the 
plunger  is  withdrawn  a  longer  cushion  of  burnt  gases  intervenes 
between  the  charge  and  the  igniting  wire.  When  the  plunger  is 
brought  far  enough  back  to  disclose  port  E,  cold  air  enters  on 
the  induction  stroke  and  cools  the  osmium  wire  and  stops  the  motor, 
thus  providing  a  ready  means  of  bringing  the  motor  to  rest. 

The  Bernardi  system  of  ignition  is  based  on  the  catalytic  property 
of  platinum ;  this  metal  becomes  incandescent  when  dipped  in  a 
mixture  of  air  and  combustible  gas.  Instead,  however,  of  employ- 
ing spongy  platinum,  which  is  very  delicate,  and  requires  a  bright 
red  temperature  to  ignite  with  certainty  a  compressed  explosive 
mixture,  Bernardi  employs  a  platinum  wire  tissue,  which  ignites  at 
dark  red  heat,  that  is  at  about  250''  C.  Menard  employs  a  bundle 
of  platinum  or  nickel  wires,  which  can  be  pushed  to  various  depths 
in  the  cylinder,  so  as  to  regulate  the  time  of  ignition. 

Sometimes  the  mere  work  of  compression,  after  the  motor  has 
been  started,  is  employed  to  maintain  the  temperature  of  an  ignition 
tube  sufficiently  high  to  cause  explosion  of  the  charge,  thus  rendering 
ignition  automatic.  Banki  and  Csonka,  Latapie  de  Gerval  and 
Southall  proposed  devices  having  this  principle.  Practical  devices 
of  this  nature  were  in  use  bv  the  Societe  des  Moteurs  Benz,  and 
by  Loyal.  In  Loyals  two-cycle-motors,  at  starting  the  nickel  tube 
is  heated  by  a  Longuemare  petrol  lamp.  Banki  and  Csonka  recom- 
mend heating  the  new  gases  by  running  them  through  a  worm 
bathed  by  the  exhaust  gases,  but  most  of  the  automatic  systems 
ot  ignition  can  dispense  with  this  precaution.     The  Diesel  motor 
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has  automatic  ignition,  and  as  it  compresses  only  pure  air,  in  this 
case  the  process  is  not  attended  by  the  risk  of  premature  explosion, 
which  in  some  other  cases  may  be  very  serious. 

The  cylinders  of  petrol  motors  will  now  be  considered.  Generally 
two  cylinders  are  employed,  though  for  a  small  power  motor  a 
single  one  will  suflSce;  often,  however,  three  or  four  cylinders  are 
combined,  as  in  the  majority  of  modem  high-power  motors. 

Three-cylinder  motors  are  employed  on  the  Brooke,  Duryea, 
and  a  new  type  of  Panhard  car,  and  some  engineers  claim 
special  advantages  for  them ;  but  the  matter  is  mainly  one  of 
balance  and  the  suppression  of  superfluous  vibration,  in  which 
matter  the  three-cylinder  motor  must  be  inferior  to  the  four- 
cylinder  one  and  superior  to  motors  with  one  or  two  cylinders 
only.  It  is  obvious  that  a  suitable  arrangement  of  the  cam 
shaft  will  cause  explosions  to  occur  at  regular  intervals,  so  that 
in  a  three-cylinder  motor  an  impulse  is  given  to  the  crank-shaft 
at  every  two-thirds  of  a  revolution,  the  cranks  being  at  angles 
of  120°  from  each  other.  By  employing  similar  means  the 
four-cylinder  motor  can  be  made  to  give  one  impulse  every 
half-revolution,  the  cranks  being  at  90°  from  each  other.  In 
both  cases  the  crank  chamber  pressure  remains  approximately 
constant,  and  consequently  there  is  no  ejecting  action  upon  the 
lubricating  oil.  In  a  two-cylinder  motor  the  best  that  can  be 
done  to  obtain  regular  work  is  to  set  the  crank  pins  in  line  with 
one  another,  but  this  regularity  is  often  sacrificed  in  order  the 
better  to  balance  the  moving  parts  and  to  maintain  a  constant 
pressure  in  the  crank  chamber. 

Petrol  motor  cylinders  may  be  vertical,  horizontal,  or  inclined; 
this  last  position  was  adopted  in  the  primitive  Daimler,  where 
the  two  cylinders  were  placed,  one  on  each  side,  at  15"  from  the 
vertical,  and  it  was  invented  to  regularise  the  action  of  the  motor 
by  preventing  the  times  of  the  dead  points  from  being  the  same 
in  both  of  the  pistons.  It  was  abandoned,  as  it  complicated  con- 
struction without  really  profiting  the  regulation;  but  the  modern 
Ader  and  Cotterau  motors  (pp.  271  and  272)  approach  this  design. 
Tlie  advantage  of  horizontal  cylinders  is  that  during  running  their 
vibrations  agree  with  the  motion  of  the  car,  though  there  is  the 
inconvenience,  especially  on  a  steep  gradient,  of  the  start  being  too 
sudden.     The  great  defect  of  these  cylinders,  however,  is  that  they 
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become  oval,  and  require  reboring.  Vertical  cylinders  are  free 
from  this  last  defect,  but  their  vibrations  are  in  a  direction  which 
does  not  agree  with  the  movement  of  the  running  vehicle.  Cylinders 
are  of  steel  or  soft  cast-iron ;  steel  cylinders  range  in  thickness  from 
2 mm.  to  3-5  mm.  (008  in.  to  014  in.)  for  motors  of  from  65  mm. 
to  90  mm.  (2*5  in.  to  35 in.)  bore,  whilst  for  the  same  conditions 
cast-iron  cylinders  have  a  thickness  of  from  4  mm.  to  6  mm  (01 6  in. 
to  0-24  in.). 

For  petrol  motor  cylinders  Prof.  Hioms  inclines  to  white  hema- 
tite,  cast  in  metal  moulds,  or,  as   a   cheaper  alternative,  he  and 
Prof  Turner  recommend  the  closest  and  hardest  iron  that  can  be 
conveniently  machined,  such  as   combined  carbon  055,  silicon  1*8, 
sulphur  01   or  less,  manganese   05,  and  phosphorus  075.      The 
casting  of  a  cylinder,  where  there  is  any  intricacy  of  design,  should 
be  a  matter  for  special  precautions.     While  it  is  not  practicable  to 
employ  a  system  of  fluid  compression,  such  as  the  Whitworth  or 
the  more  recent  French   Harmet  system,  some  equivalent  should 
be  sought  by  insisting  on  adequate  head.      In  view  of  the  troubles 
arising  from  porous  cylinders  and  for  other  reasons.  Captain  Longridge 
favours  the  substitution  of  steel  tubes  for  cast-iron  cylinders.     For 
small  cylinders,  steel  has  the  merits  of  lightness,  strength,  freedom 
from  flaws,  easy  cooling,  and  perhaps  cheapness.    Steel  tubes  screwed 
into  a  cast-steel,  pressed  steel,  or  cast-iron  head  should  make  a  good 
job.      The  Holden  cycle  motor  has  steel-tube  cylinders,  in  which 
0*35  per  cent,   carbon  is  present.      The  cylinders  of  the   Victoria 
bicycle  motors  are  bored  from  the  solid  steel  bar,  the  radiating  fins 
being  turned  in  the  lathe.     The  Centaure  motor  had  thin  wrought 
steel  cylinders,  but  in  the  latest  type  they  are  of  cast  steel  {seerp,  216). 
Perhaps  solid  drawn  steel  tubes  are  best  of  all,  being  the  strongest 
and   most   reliable,   but  cast-iron   piston  rings    might  be  retained. 
These  should  be  of  strong,  fine-grained  elastic  iron,  of  approximately 
the    following    constitution :     Combined    carbon,    05 ;    silicon,    2 ;  I 

sulphur,  01  ;   manganese,  05 ;  and  phosphorus,  0*8. 

The  cooling  of  cylinders  is  a  most  important  subject.  The 
temperature  of  the  charge  during  explosion  is  very  great,  Witz 
estimating  it  at  not  less  than  2,000°  C.  No  doubt  the  temperature 
is  decreased  very  soon  by  expansion  of  the  gas,  but  even  lessened 
in  this  manner  it  would  have  disastrous  effects,  unless  special 
provision  were  made.     Without  some  system  of  cooling  the  cylinder  I 
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it  would  be  impossible  to  ensure  lubrication  of  the  cylinders,  because 
the  most  heat-resisting  oils  are  decomposed  at  300°  C,  and  above 
that  produce  detrimental  carbonaceous  deposits  which  interfere 
with  the  working*  of  the  valves  and  of  the  motor  in  general.  Very 
great  and  unequal  degrees  of  expansion  in  the  carefully  adjusted 
parts  of  the  cylinder  and  piston  would  impede  working.  Wedging 
of  the  piston,  seizing  of  the  connecting  rod  and  crank,  might  be 
feared,  and  the  valves,  especially  the  exhaust,  put  out  of  working 
order  (two  hours'  work  at  too  high  a  temperature  suiSSces  to  cause 
this).  To  avoid  all  this,  some  system  of  cooling  is  necessary, 
and  the  necessity  of  this,  it  can  be  understood,  is  a  source  of  con- 
siderable waste  of  energy,  represented  by  the  heat  units  of  the 
fuel,  and  it  constitutes  one  of  the  grave  defects  of  existing  petrol 
motors.  Consequently  cooling  must  be  accomplished  only  in  the 
least  possible  degree,  though  this  last  has  not  been  determined 
precisely.  As  a  rule,  cooling  is  not  excessive  in  automobile  motors, 
because  the  renewal  of  the  water  used  for  the  purpose  is  shirked 
as  much  as  possible. 

To  accomplish  the  cooling  of  petrol  motor  cylinders,  generally 
a  current,  of  water  is  circulated  around  the  combustion  chamber, 
the  valve  boxes,  or  even  all  the  cylinder.  The  water  is  kept 
in  motion  by  aid  of  a  special  pump  or  merely  by  the  differences 
of  density  produced  in  itself;  thus  there  is  the  great  inconvenience 
of  frequently  renewing  the  water  in  the  tank,  especially  during 
summer.  To  prevent  too  rapid  heating  of  the  water,  it  is  run 
through  pipes  or  coils,  between  which  a  rapid  current  of  fresh 
air  is  driven  by  the  motion  of  the  car.  P.  Royer  has  proposed 
to  replace  the  leather  or  wooden  ihud-guards  of  cars  by  flanged 
tubes  in  which  the  water  could  circulate  and  be  cooled.  J. 
Dupont  employs  a  special  vessel  furnished  wdth  flanges.  Lepape 
has  tested  a  number  of  systems  of  cooling  the  water,  particularly 
that  in  which  the  water,  after  it  has  flowed  around  the  cylinders 
and  carburetter,  ascends  to  the  top  part  of  the  cistern  and  then 
falls  in  rain  on  four  inclined  sheet-iron  planes,  a  current  of  air 
there  blowing  through  the  hquid  spray  and  separating  the  steam. 
Lepape  also  has  tested  a  system  in  which  is  used  sail  cloth  like 
that  employed  by  firemen  to  make  their  buckets.  In  his  opinion 
the  permeability  of  this  material  has  the  double  advantage  of 
increasing   the    liquid's   surface   of  contact  with    the    surrounding 
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air  and  of  allowing  the  steam  to  separate  from  the  liquid.  The 
process  of  cooling  the  water,  almost  universally  employed,  con- 
sists in  running  the  water  through  straight  tubes  between  two 
collectors  for  entrance  and  exit  of  the  water,  partitioned  in  such 
a  manner  that  it  flows  through  the  pipes  in  series  or  in  a  worm 
at  several  levels.  These  tubes  or  radiators  have  flanges,  which 
increase  their  surface  of  contact  with  the  air  which  cools  tbcin. 
One  of  the  most  common  types  is  that  of  Grouvelle  and  Arquem- 
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Tig.    169.— SAtrCKKIBB   Radutur. 


bourg,  who  employ  tubes  having  a  bore  of  15  mm.  (06  in.)  for 
motors  of  less  than  8  h.p.,  and  tubes  of  18  mm.  (07  in.)  _for 
motors  of  greater  power ;  the  tubes  are  of  copper  and  have  iron 
or  aluminium  rectangular  flanges,  35  mm.  x  +5  mm.  (1-4  in.  x 
1-8),  jointed  or  soldered  to  them,  these  flanges  being  from  60  mm. 
to  70  mm.  (2'4.  in.  to  28  in.)  apart  It  is  estimated  that  2  m. 
(65  ft)  of  tube  15  mm.  (06  in.)  diameter,  or  1-35  m.  (45  ft)  of 
tube  of  18  mm.  (0-7  in.)  diameter,  are  required  per  h.p.  These 
tubes  weigh,  per  metre  (394  in.),  the  first  875  g,  (31  oz.),  with 
alimaininm  flanges,  and  1275  kg.  (45  oz.)  with  iron;  the  second 
1'22  kg,   (43   oz),  and  1820  kg.  (64  oz.)  respectively.     From   these 
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figures  it  can  be  seen  that  the  we^ht  of  a  radiator  cannot  be 
neglected;  cost  also  is  considerable,  this  amounting  to  about  8s. 
per  metre  of  15  mm,  (0(i  in.)  tube  fitted  with  iron  flanges  (about 
23.  7d.  per  ft.).  However,  the  distance  a  car  can  run  without  re- 
quiring cold  water  can  be  greatly  increased,  provided  there  is  a 
good  draught  of  air,  by  employing  a  well-arranged  cooler,  that  is 
to  say,  one  with  flanges  parallel  to  the  longitudinal  axis  of  the 
car.  This  distance  may  be  reckoned  as  200  km.  (124  miles),  at 
an  average  speed  of  not  more  than  20  km.  (124  miles)  per 
hour;    this  is  a  ten- hour  run,  but  it  is  well  to  obtain  new  supplies 


of  water  oftener  if  possibla  Loyal  gives  the  flanges  a  corrugated 
form,  so  that  their  surface  contact  with  the  surrounding  air  is 
increased,  as  is  also  their  rigidity,  and  Loyal's  new  radiator,  as 
employed  on  Decauvilte  and  other  cars,  has  a  number  of  small 
bore  tubes,  perhaps  as  many  as  twelve,  placed  side  by  side,  and  at 
first  sight  appearing  to  be  one  wide  flat  tube ;  these  are  held 
together  by  big  corrugated  flanges,  as  shown  in  Fig.  168. 

Julien  holds  the  opinion  that  in  radiator  tubes  of  circular 
section,  contact  of  the  inner  side  with  the  central  veins  of 
water  is  difiiculL  For  radiators  he  adopts  flat  flangeless  tubes, 
having  round  ends,  to  facilitate  joining  with  the  collectors  or 
pipes,  and  he  makes  the  logical  proposal  to  fix  a  series  of 
tubes,  branching  from  the  motor  cylinder,  and  parallel  with  it,  so 
N  2 
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that  the  water  in  this  jacket  may  cool  in  passing  through  these 
tubes.  Julien  also  constructs  a  cooler,  formed  by  a  water-tube 
of  wide  and  very  flat  rectangular  section  coiled  in  worm  form, 
the  narrower  the  tube  the  greater  being  the  number  of  the  coils. 
The  tube  is  placed  on  the  car  with  its  mouth  in  front,  so  that  an 
abundance  of  air  can  enter  between  the  coils  and  escape  through 
two  lateral  orifices. 

More  modem  radiators  than  the  above  (excepting  the  new  Loyal 
radiator,  Fig.  168)  are  those  of  Accles  and  de  VeuUe,  Albany,  Begbie- 
Audin,  Sauerbier,  Mercedes,  Gillet- Forest,  Ramier-Marchal,  and  others. 
That  of  Sauerbier  (Figs.  169  and  170)  has  gills  formed  by  a  continuous 
helix  of  thin  copper  wound  round  a  tube  of  circular  section.  The 
strip  of  copper  is  corrugated  along  one  edge,  and  so  caused  to 
assume  a  spiral  form ;  it  then  is  threaded  over  the  tube  and 
soldered  in  place.  The  Begbie-Audin  radiator  has  a  flattened 
central  tube  as  in  Fig.  171,  and  the  oval  sheet  metal  flanges  are  so 
cut  as  to  form  teeth,  as  illustrated,  acting  as  distance  pieces  between 
the  flanges,  and  assisting  the  soldering.  The  water  in  the  flat  tube 
forms  a  thin  sheet.  In  Fig.  171,  a  is  a  side  view  of  a  flange,  and 
b  a  front  view.  Many  other  new  radiators  have  flat  tubes ;  the 
Albany,  for  instance,  has  very  flat  and  thin  tubes,  the  radiating 
flanges  being  corrugated  strips  of  copper,  soldered  as  in  Fig.  172 : 
this  acts  as  a  radiator  for  petrol  cars  or  a  condenser  for  steam  cars, 
and  there  is  a  horizontal  type  with  the  tubes  placed  at  an  angle  to 
meet  the  opposing  air.  The  new  Napier  car  employs  an  Albany 
radiator  with  a  chain-driven  suction  fan  behind  it.  The  Accles 
and  de  VeuUe  radiator  is  a  circular  tube  with  star  fins  or 
flanges  (see  Fig.  173),  and  for  a  6  h.p.  motor  has  a  weight 
of  5  kg.  (11  lb.).  The  Ramier-Marchal  device  is  one  of  the  few 
in  which  gills  or  flanges  are  not  used,  and  is  extremely  simple. 
Thin  metal  tubes,  fluted  or  corrugated,  are  mounted  horizontally 
between  two  standards,  as  in  the  end  view.  Fig.  174;  as  usual,  the 
hot  water  enters  at  the  top,  and  the  cooled  water  flows  through 
a  pipe  at  the  bottom.  Another  radiator  with  flangeless  tubes  is 
the  Gillet-Forest,  which  is  shown  irt  the  scheme  of  cooling  illus- 
trated by  Fig.  175,  p.  198.  This  radiator  is  claimed  to  be  a  mere 
condenser  of  steam  given  off*  by  the  water  in  the  motor  jacket. 
The  float  device  A  (Fig.  175),  fed  from  the  water  tank,  maintains  a 
constant  water  level  in  the  jacket  B  of  motor  cylinder  C ;  the  steam 
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as  it  rises  passes  into  the  radiator  or  condenser  D,  and  fills  the 
middle  three  vertical  tubes  and  the  top  horizontal  tube  as  indicated  ; 
stops  or  partitions  in  the  lower  horizontal  tube  E  prevent  the 
condensed  water  which  dribbles  down  the  remaining  tubes  from 
directly  joining  the  water  in  the  jacket,  and  tubes  F  conduct  the 
condensed  water  to  the  pipe  supplying  the  underside  of  the  cylinder 
jacket.  The  condenser  tubes  are  about  254  mm.  (1  in.)  in  diameter- 
and  are  of  brass.  Outwardly  the  Carpentier-Meunier  radiator 
resembles  the  Gillet-Forest,  the  tubes  being  vertical  and  communi. 
eating  top   and   bottom   with   the   main   horizontal   ones     But  the 


Fig.  172. — Albahy  Radiator  ahd      Fig.  173. 


tubes  have  plain  square  gills  forced  upon  them,  instead  of  being 
crinkled  as  in  the  type  last  mentioned ;  both  types,  hoWever,  form  a, 
V  in  the  front  of  the  car,  and  in  many  opinions  enhance  the  general 
appearance,  the  Gillet-Forest  being  particularly  smart  and  well 
finished.  The  Duryea  device  is  a  condenser  rather  than  a  cooler ; 
a  tank  with  horizontal  tubes  passing  through  it  on  the  principle  of 
a  marine  condenser  is  placed  at  the  back  of  the  car  (see  p.  C53), 
and  this  quite  replaces  the  radiator  used  on  more  usual  types  of 
car.  Air  passes  through  the  tubes  in  the  tank  and  cools  the  water 
somewhat,  but  it  is  the  open  claim  of  the  Durjea  fiiTn  that  it  is 
not  desired  to  make  the  water  cold,  as  the  engine  is  run  at  as  high 
a  temperature  as  the  limits  "of  lubrication  will  allow. 

The    multitubular    radiator,    known    in    Franco    as    the   "  nids 
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d'abeille,"  in  England  as  the  "honeycomb"  radiator,  and  also  fairly 
generally  as  the  Mercedes  radiator,  is  quite  a  distinct  type,  origin- 
ating with  the  German  Daimler  tirm ;  its  efficiency  m  marked,  and 
many  of  the  leading  makers  have  already  adopted  it  in  some  one 
of  its  modifications.  Essentially  it  is  an  upright  metal  box,  76  cm. 
(3  in.)  or  more  thick,  pierced  from  side  to  side  by  small  tubes  with 
open  ends  (the  Mercedes  radiator  may  contain  about  5,000  tubes). 
These    tubes   in   section    may   be  square,  as   in    the  Mercedes,  tri- 
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Fig.   175.— QiLLET-FoKseT  AVateb-coolwo         Figo.  176  to  178.— Parts  of  Milh- 
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angular,  lozenge,  round,  flat,  and  elongated,  or  of  a  shape  suggestinfj 
the  water  tubes  in  the  Ramier-Marchal  radiator  (Fig.  174).  One 
type  is  built  up  of  tubes  originally  shaped  as  in  Fig.  176.  These 
tubes  have  their  ends  expanded  and  a  slight  lip  formed  on  each 
side,  as  shown  in  Fig.  177.  Then  they  are  nested  together  and 
soldered  at  their  ends,  probably  by  tirst  tinning  them  and  then 
dipping  in  molten  solder.  The  expanded  ends  and  the  side  lips 
cause  a  space  to  exist  round  each  tube,  and  it  is  this  space  that 
the  water  ultimately  occupies.  The  space  is  so  small  that,  on 
looking  at  the  face  of  a  radiator,  it  seems  impossible  for  it  to  contain 
a  drop  of  water.  The  tubes  are  built  up  in  sufficient  number  to 
the    purpose    of   radiator   and   tank   in   one,  the    water  of 
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course  being  split  up  into  an  almost  countless  number  of  thin 
tilms  in  constant  contact  with  the  tubes,  through  which,  when  the 
car  is  in  motion,  the  air  is  constantly  rushing;  though  generally 
a  fan,  driyen  direct  by  the  motor  shaft,  revolves  close  to  the  inner 
face  of  the  radiator,  and  assists  in  drawing  the  cool  air  through  the 
tubes.  The  fan  may  be  discontinued,  perhaps,  at  high  speeds  and 
against  strong  winds.  When  the  star-shaped  tubes,  already  referred 
to,  are  used,  their  ends  are  expanded  to  form  a  square  suction,  and 
on  soldering  these  ends  together  a  very  efficient  type  results.  It  is 
usual  when  employing  tubes  of  any  other  of  the  shapes  mentioned 
above  to  expand  them  at  each  end  into  metal  plates  which  form 
the  sides  of  the  box ;  Fig.  178  makes  the  principle  of  this  clear.  This 
method  gives  greater  capacity  as  a  tank,  but  almost  surely  a  lower 
efficiency  as  a  cooler.  Three  typical  multitubular  radiators  are 
shown  in  Figs.   231,  632  and  663,  pp.  250,  585  and  617. 

The  use  of  a  pump  may  be  necessary  to  make  the  water  flow  in  the 
radiators.  Though  the  alternating  pump  is  not  without  precedent, 
the  rotary  pump  is  usually  adopted,  especially  the  centrifugal,  which 
needs  no  valves  and  has  very  simple  mechanism.  Grouvelle  and 
Arquembourg  construct  a  pump  125  mm.  (4"9  in.)  in  diameter,  the 
entrance  and  exit  orifices  being  15  mm.  (0*6  in.),  weighing  1*8  kg. 
(4  lb.),  and  making  1,500  and  2,800  revolutions  per  minute.  Dalifol 
and  Thomas  construct  the  Abeille  pump,  which  normally  revolves 
at  the  rate  of  1,500  revolutions  per  minute,  and  can  be  inspected 
without  touching  the  piping  by  simply  unscrewing  a  plate  fastened 
with  four  bolts.  Benoit  and  Julien  employ  a  cast-iton  cylindrical 
body  closed  by  two  plates,  inside  which  revolves  a  cast-iron  screw 
having  two  opposite  threads  separated  by  vertical  partition ;  the 
water  arrives  at  the  exterior  of  each  thread,  travels  towards  the 
central  partition,  and  leaves  the  pump  perpendicularly  to  its  axis. 
Normally  it  works  under  pressure,  but  once  primed  it  can  suck 
water  from  a  depth  of  60  cm.  (24  in.);  it  weighs  35  kg.  (7*7  lb.), 
and  with  a  velocity  of  2,000  to  2,400  revolutions  it  delivers  at  a 
height  of  1  m.  (39*4  in.)  from  500  1.  to  600  1.  (110  gal.  to  132  gaL). 

The  inconveniences  which  would  result  from  not  cooling  the 
cylinders  have  been  mentioned,  and  it  may  be  remarked  that 
sudden  cooling  (caused,  for  example,  by  admitting  too  much  cold 
water  into  the  pipes  during  the  journey)  would  not  be  advan- 
tageous either.     It  would  cause  condensation  in  the  cylinders,  and 
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the  petrol  spirit  now  in  liquid  form  would  fill  the  ignition  tubes, 
so  as  to  prevent  the  new  gases  from  coming  into  contact  witli 
them,  or  cause  short  circuits  in  the  sparking  plug:  in  both  cases 
the  motor  would  cease  to  work.  It  might  also  cause  the  cylinder 
joints  to  break  or  the  cylinder  to  crack,  and  in  both  cases  water  would 
be  allowed  to  enter  the  cylinder.  Flow  of  water  cannot  take  place 
around  the  cylinder  without  the  deposit  on  the  walls  of  the  jacket 
of  calcareous  substances  which  decrease  the  conductivity  of  the  metal 
It  must  be  possible  to  frequently  clean  the  insides  of  the  cylinders, 
and  so  the  jacket  must  be  easily  removed.  In  spite  of  all  these 
preparations  the  employment  of  water  is  veiy  inconvenient,  and 
fortunately  can  be  dispensed  with  on  small  motors.  There  is  also 
the  great  disadvantage  in  winter  of  the  water  readily  freezing  when 
left  in  a  stationary  car,  unless  about  20  per  cent,  of  glycerine  is 
added. 

Small  air-cooled  motors  are  simply  provided  with  flanges 
intended  to  conduct  the  heat  to  the  atmosphere.  The  flanges  are 
generally  made  of  iron  cast  solid  with  the  cylinder,  but  Moreau 
employs  copper  flanges,  forced  around  the  cylinder.  In  the  Papillon 
motor  the  cylinder  is  surrounded  by  regular  hoops  of  copper,  which 
has  more  effect  than  iron  owing  to  its  conductivity  being  greater. 
In  the  Aster  motor  the  copper  flanges  are  corrugated,  so  as  to 
increase  their  contact  surface.  Grivel  experimented  with  aluminium 
flanges  wound  spirally  around  the  cylinder.  Bearing  in  mind  that 
the  radiating  power  of  a  body  varies  with  the  nature  of  its  surface 
(a  polished  metal  having  a  radiating  power  equal  to  12  acquires 
an  equivalency  of  100  when  coated  with  lamp  black),  Huber- 
Baudry  has  shown  the  advantage  of  painting  petrol  motor  cylinders 
black  or  white ;  and  there  is  something  perhaps  to  be  accom- 
plished in  this  direction.  However,  it  must  be  remembered  that 
surfaces  which  radiate  heat  most  readily  also  absorb  it  as  readily. 
With  adjacent  flanges  it  is  perhaps  to  be  feared  that  the  heat 
given  oft'  by  one  will  be  absorbed  by  its  neighbour.  Then  again, 
as  far  as  can  be  judged  from  the  necessity  of  renewing  air  around 
the  cylinder,  it  is  mainly  by  conductivity  that  cooling  takes  place, 
and  so  in  rendering  the  surface  of  the  motor  rougher  the  paint 
must  not  interfere  with  this  circulation.  Preference  must  be  given 
to  the  Sire  process,  by  which  the  cylinder  parts  are  given  an 
electrotype  coating  of  unpolished  *copper,  the  greater  the  need  of 
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cooling  the  thicker  being  the  copper.  The  copper  will  acquire  a 
higher  temperature*  than  the  lamp  black,  and  the  heat  will  be  so 
much  the  better  diffused,  as  the  surface  of  the  cylinder  is  at  a 
greater  temperature  than  the  surrounding  air. 

The  Lanchester  method  of  air-cooling  is  applicable  to  even  high- 
power  motors.  Two  aluminium  fans  are  friction-driven  by  the 
fly-wheel  between  them,  and  suck  the  air  from  between  the  flanges 
cast  on  the  two  cylinders  into  the  wind  chest  and  thence  into  the 
centre  of  the  fans,  the  air  then  being  ejected  by  centrifugal  force 
at  the  periphery.  The  fans  consume  but  little  power,  and  discharge 
the  heated  air  quite  away  from  the  motor.  Wind-scoops  (see  p.  678) 
at  the  side  of  the  car  assist  the  fan  action.  This  method  replaces 
that  in  which  a  fan  sent  a  forced  circulation  through  an  air  jacket 
round  the  cylinder,  the  heated  air  then  passing  to  the  carburetter 
(that  also  was  the  Diligeon  method).  Now  air  is  taken  from,  not 
to,  the  Lanchester  motor. 

Various  methods  of  cooling  petrol  motors  have  been  proposed 
by  G.  Desjacques,  Klaus,  Lepape,  Diligeon,  Dufour,  and  Goret. 
Desjacques  proposes  that  small  holes  be  made  in  the  wall  of  the 
cylinder  parallel  to  its  bore,  so  as  to  form  passages  through  which 
the  air  can  circulate  close  to  the  parts  to  be  cooled.  Klaus  makes 
the  exhaust  gases  act  on  the  flanges,  so  as  to  cause  a  stronger 
draught  of  air  around  them,  but  it  would  be  better,  it  seems,  to 
keep  them  out  of  contact  ^vith  these  gases,  which  at  leaving  the 
silencer  are  still  very  hot,  and  to  employ  them  to  produce  a  current 
of  fresh  air  around  these  flanges,  as  suggested  by  an  inventor  who 
made  a  helicoidal  groove  in  the  cylinder  jacket.  Lepape  has  adopted 
this  device  in  some  of  his  cars,  the  vertical  motor  placed  in  the 
front  being  enclosed  in  a  casting  in  which  the  exhaust  gases  produced 
a  draught  of  fresh  air.  Usually  these  gases  have  a  pressure  of 
from  3  kg.  to  4  kg.  per  cm.^  (43  lb.  to  57  lb.  per  sq.  in.),  and  it  is 
evident  that  such  a  pressure  can  be  taken  advantage  of.  Dufois,  in 
his  two-stroke-cycle  motor,  uses  a  pump  worked  by  levers  and  a 
cam  mounted  on  the  shaft  governing  the  exhaust  ;  the  pump  sends 
water  to  the  inside  of  the  cylinder  itself,  where  the  action  of  the 
water  is  more  effective  than  around  the  outside  of  the  cylinder; 
but  it  is  a  question  whether  water  can  be  collected  and  again 
employed,  and  whether  the  results  compensate  for  the  complication 
of  the  system.      In  the  Goret  six-stroke-cycle  motor  a  draught  of 
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pure  air  is  created  in  the  cylinder  after  each  explosion,  and  this 
fresh  air  cools  the  cylinder. 

The  Vilain  method  of  cooling  motor  cylinders  acts  on  the 
thermo-syphon  system.  A  coil  of  copper  tubing  mounted  above 
the  top  of  the  motor  cylinder  has  its  ends  connected  to  the  top 
and  bottom  of  the  cylinder  jacket,  the  tubing  forming  a  closed 
circuit,  no  reservoir  being  necessary.  If  the  copper  tubing  has  a 
radiating  surface  of  ten  times  the  surface  of  the  cylinder  walls,  its 
radiating  power  when  standing  still  is  calculated  to  keep  the  tem- 
perature of  the  jacket  at  128°  C.  (262"  F.).  A  safety  valve  is  fitted, 
and  there  is  no  evaporation,  the  water  lasting  indefinitely.  About 
4*5  1.  (1  gal.)  of  water  is  carried. 

The  pistons  of  petrol  motor  cylinders  are  constructed  very 
long,  so  as  to  be  self-guiding;  and  sometimes  they  are  prolonged 
by  a  hollow  sleeve.  They  must  be  light,  as  heavy  pistons  more 
readily  wear  away  the  lower  part  of  horizontal  cylinders.  Pistons 
are  made  of  malleable  cast-iron,  and  have  grooves  in  which,  to 
ensure  tight  fit,  are  lodged  segments,  these  being  rings  of  copper, 
malleable  iron,  or,  better  still,  of  ordinary  cast-iron,  a  little  greater 
in  diameter  than  the  cylinder,  and  as  weak  as  possible,  so  as  to  be 
pliant.  The  segments  should  quite  fill  the  width  of  the  grooves, 
without,  however,  being  tight,  because  this  would  destroy  their 
elasticity ;  they  should  have  a  play  of  1  mm.  (004  in.)  in  the  depth, 
so  that  they  act  as  springs.  To  avoid  the  necessity  of  lubrication 
and  cooling,  Michelen  proposes  to  lessen  the  friction  of  the  piston 
by  furnishing  the  latter  with  circular  gullets  separated  by  pro- 
jecting parts  slightly  less  in  diameter  than  the  cylinder.  This  piston 
would  give  so  much  greater  tightness  as  it  moved  quicker,  but  it 
would  have  to  be  guided,  as  it  would  not  touch  the  cylinder. 

The  connecting  rod  fixed  direct  to  the  piston  works  by  its  other 
end  the  motor  crank  shaft.  It  is  usually  attached  to  the  piston 
by  a  pin  which  runs  right  through  it,  and  is  enclosed  by  the  eye 
of  the  rod.  Eoser  and  Mazurier  fixed  the  connecting  rod  to  the 
piston  by  a  ball  and  socket  joint,  which  gives  a  greater  surface 
of  friction  and  but  little  wear,  play  being  suppressed.  In  all 
cases  the  adjustment  and  lubrication  must  be  perfect,  so  as  to 
avoid  seizing.  The  quicker  the  motor  works  the  lighter  nmst  be 
the  connecting  rods. 

To  start  a  petrol  motor,  the  piston  is  worked  for  a  few  strokes 
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by  means  of  a  hand  crank.  With  this  object  some  cars  are  provided 
with  a  device  to  open  the  exhaust  valve,  to  prevent  compression 
of  the  gases  found  in  the  motor  when  at  rest.  The  hand  crank 
generally  is  fitted  on  a  prolongation  of  the  motor  crank  shaft, 
and  so  when  the  motor  is  once  stopped  the  driver  must  leave  his 
seat  to  start  it  again.  This  inconvenience  is  not  great,  because 
stoppage  of  the  car  is  not  followed  necessarily  by  that  of 
the  motor,  except  when  so  required.  Consequently,  it  is  pos- 
sible that  complicated  mechanism  to  enable  the  driver  to  start 
the  motor  from  his  seat  may  be  found  to  be  unnecessary.  How- 
ever, gear  which  can  be  started  from  the  seat  affords  facility  for 
preventing  vibrations  whilst  stopping,  and  some  cars  with  small 
power  motors — amongst  them  the  Decauville  old  type  voiturette — 
are  so  provided. 

Noise  and  odour  emitted  by  petrol  motors  imply  superfluous 
vibrations,  defective  combustion,  and  consequent  waste  of  energy. 
On  these  two  points  petrol  motors  are  deficient.  Later,  the  question 
of  vibration  will  be  returned  to,  and  for  the  moment  attention  will  be 
given  to  the  noise  caused  by  the  escape  of  burnt  gases  and  to  their 
odour.  To  decrease  noise  and,  in  consequence,  dust,  which  would  be 
raised  by  the  jets  of  gas  if  they  were  free  to  come  into  contact  with 
the  ground,  the  burnt  gases,  on  leaving  the  cylinder,  are  conveyed 
to  an  exhaust  box  or  silencer,  generally  formed  by  a  horizontal 
cylinder  communicating  with  the  outer  air  by  a  tube  finely  per- 
forated. The  gaseous  mixture  expands  in  the  silencer  and  escapes 
in  thin  streams  through  the  holes.  To  effectually  deaden  the 
noise  the  silencer  must  be  large,  and  the  perforations  must  be 
small  and  many ;  it  may  be — as  in  the  Napier  car — that  two  or 
three  silencers  in  succession  are  necessary.  Evidently  all  this 
somewhat  decreases  the  power  of  the  motor,  which  must  overcome 
a  pressure  greater  than  that  of  the  atmosphere  to  force  the  gases 
into  the  exhaust  box.  MufHer  is  a  better  name  than  silencer 
for  the  exhaust  box. 

The  results  of  a  competition  of  silencers,  organised  in  March,  1903, 
by  the  French  Automobile  Club,  are  given  in  the  table  on  the  next 
page.  The  'silencers  were  all  tried  on  the  same  petrol  motor, 
whose  power  was  measured  by  coupling  it  to  a  dynamo  and  noting 
the  amount  of  energy  produced.  Without  any  silencer  attached, 
the  output  was  5,676  wfitts. 


204 


THE   AUTOMOBILE. 


EXHAUST   SILENCER   COMPETITION.— A.    C.    F. 


Name  or  Silencer. 

Weight. 

Iriv                           IV.^ 

Relative 

Noiseless- 

Output  in 
WRtti  of  Pf  trol 
Motor  coupled 

PerreDtufce  of 
Lof 8  of  Power 
due  to  Silencer 

KR- 

lU. 

ness. 
13 

to  Dynamo. 
4,140 

Back-pressure. 

Chapuis       

2-7 

Ossant  Flares        

10 

22 

12 

5.040 

11-2 

DeRetz      

19U5 

42 

12 

4,950 

12-79 

Motor  Car 

7-35 

16-2 

12 

4,600 

20-7 

Ossant  Fr^rcs        

10-7 

23-6 

11 

5,040 

11-2 

Rousseau 

— 

— 

11 

5,220 

8 

Megevet      

— 

10 

5,220 

8 

Saint-Denis            

— 

10 

5,310 

6-4 

Linzeler 

10 

4,680 

17-5 

Amaad       

— 

— 

8 

5,175 

8-8 

Until  recently  the  majority  of  the  silencers  or  mufflers  used 
have  been  absurdly  small,  giving  rise  to  quite  unnecessary  back- 
pressure, and  so  wasting  power.  Therefore,  on  the  Brooke,  Mercedes, 
and  some  American  cars,  a  bye-pass  has  been  added  to  the  exhaust 
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Fig.    179.  —  Brooke 
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Fig.  180. — Fmiedman  Exhaust  Silencbh. 


pipe  between  the  cylinder  and  silencer  to  free  the  exhaust  when  more 
power  is  required.  This  method,  as  applied  to  the  Brooke  car,  is 
shown  by  Fig.  179.  To  ensure  immunity  from  fracture  in  case  of 
back-fire,  a  relief  valve  is  sometimes  fitted  to  the  muffler.  Some 
types  of  exhaust  silencers  are  described  below. 

The  Friedman  exhaust  box  (Fig.  ]  80)  is  an  interesting  device.  A 
number  of  concentric  tubes  or  drums  communicate  with  one  another 
through  the  perforations  indicated.  The  exhaust  enters  from  each 
cylinder  at  opposite  ends  of  the  central  tube,  from  which  it  diffuses 
outwards.    As  the  exhaust  gases  from  the  two  cylinders  oppose  one 
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another  in  the  inner  tube,  the  noise  is  almost  completely  silenced. 
The  exhaust  finally  escapes  through  holes  in  the  outside  or  largest 
drum. 

The  exhaust  box  on  the  Autocar  tonneau  (American)  is  rectangular 
in  section  (see  Fig.  181),  and  is  composed  of  a  number  of  flanged  sections 
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¥ig,  181. — Autocar  Exhaust  Silbkceh. 

held  together  by  bolts  that  pass  the  whole  length  of  the  box.  There 
are  sheet  metal  perforated  baffle  plates,  and  these  project  right 
through  the  walls  of  the  box,  so  as  to  increase  the  cooling  surface. 
It  is  connected  by  separate  pipes  to  the  two  cylinders  of  a  10  horse- 
power motor,  and  the  exhaust  enters  on  the  right  side  (in  Fig.  181), 
and  leaves  at  the  other  end,  through  the  small  holes  shown.  The 
size  of  the  holes  in  the  baffle  plates  decreases  the  nearer  the  plates 
are  to  the  far  end. 


Fig.  182. — Oldsmobile  Ezrau«it  Silencer. 

I 

The  Oldsmobile  exhaust  box  (Fig.  182)  is  a  successful  device  of 
ample  size ;  it  forms,  in  fact,  quite  a  conspicuous  feature  of  the  car 
The  exhaust  gases  enter  the  free  space  of  the  exhaust  silencer 
and  percolate  slowly  to  the  outer  air  through  the  two  bent  pipes 
perforated  towards  their  left  ends.  The  ample  size  sCnd  the  gradual 
passage  of  the  gases  account  for  its  efficiency. 

The  Prestwich-Drury  exhaust  silencer  is  a  cylinder,  A,  Figs.  183 
and  184,  with  removable  ends:  the  closed  tubes  C,  D  and  E  are  a 
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little  shorter  than  the  cylinder  so  that  a  space  G  is  left  between 
their  ends  and  those  of  the  cylinder.  These  tubes  are  shaped  to 
accommodate  themselves  to  that  of  the  cylinder,  and  they  create 
passages  (J,  K,  L)  extending  longitudinally.  The  exhaust  gases  are 
admitted  near  the  centre  of  the  cylinder,  as  at  H,  into  one  of  the 
tubes  and  pass  out  through  holes  near  one  end  communicating  with 
the  adjoining  tube,  which  has  holes  communicating  with  the  third 
tube.  This  has  a  number  of  small  holes  (F)  communicating  with 
one  of  the  passages  (L).  After  circulating  in  the  outer  passages,  the 
now  greatly  expanded  gases  pass  to  the  atmosphere. through  a  pipe  M, 


Figs.  183  and  184. — Phkstwich-Dhuht  Kxhaust  Silsncbk. 


fitted  near  one  or  both  ends  of  the  cylinder  A.  Fig.  ,183  is  a  longi- 
tudinal section,  and  Fig.  184  is  a  cross  section  of  the  exhaust  box. 
The  Wain  Wright  exhaust  silencer,  patented  in  1902,  is  a  com- 
paratively elaborate  device ;  Fig.  185  shows  a  longitudmal  elevation 
of  the  apparatus  with  certain  of  the  parts  in  section.  The  exhaust 
is  led  from  the  motor  by  pipe  A,  which  branches  into  B  and  C. 
Between  the  ends  of  B  and  C  is  a  chamber  D,  whose  size  varies 
with  requirements.  This  chamber  is  of  double-conical  form,  the 
flanges  at  their  bases  being  secured  together  by  bolts  or  screws  K. 
The  bases  E  of  the  conical  chambers  have  holes  M,  and  inside 
the  chamber  D  arc  a  number  of  plates  F,  the  conical  perforations 
(G)  in  which  are  larger  in  diameter  at  the  exit  side.  These  perforata 
plates  are  supported  on  central  bolts  (H),  whose  external  ends  are 
preferably  screwed  into  the  end  plates.      The  plates  are  kept   the 
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required  distance  apart  by  means  of  distance  pieces  or  washers  J. 
Another  means  of  supporting  the  internal  baffles  may  be  adopted 
if  desired.  The  exhaust  gases  flow  through  the  pipes  A,  B,  and  C 
through  the  perforations  in  the  plates  F,  and  out  through  the 
perforations  M  in  the  chamber  D  to  the  atmosphere.  In  doing  so  the 
gases  become  broken  up.  The  rain  shields  L,  secured  by  bolts  K^ 
do  not  obstruct  the  passage  of  the  gases,  which  pass  through  them 
in  the  direction  indicated  by  the  arrows. 


Fig.   185. — Wain  WRIGHT 
Exhaust  Silencbr. 


As  a  rule,  nothing  is  done  to  decrease  the  odour  of  the  exhaust, 
though  Chevalet's  suggested  appliance  diminishes  both  odour  and 
noise.  It  should  be  mounted  next  to  the  exhaust  box  or  on  the 
exhaust  pipe.  It  consists  of  some  ring  scrubbers,  similar  to  those 
employed  in  gas  works,  furnished  inside  with  a  cast-iron  plate 
perforated  with  holes  and  filled  with  shavings  of  wood,  or,  better, 
of  iron.  These  superposed  rings  are  wetted  with  water,  or,  better, 
with  odourless  oil,  to  arrest  the  unbumt  oil  or  spirit  which  is  the 
cause  of  the  odour  in  exhaust  gas.  This  oil  can  be  used  for 
lubrication  when  the  impurities  have  been  removed  by  decantation 
or  filtration.  The  imperfect  combustion  of  the  charge  is  due  largely 
to  some  portions  of  the  carburetted  air  cooling  and  condensing  on 
the  metallic  surfaces  of  the  motor ;  perfect  combustion  would  produce 
an  odourless  exhaust,  and  proper  regulation  conduces  to  this  end. 
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CHAPTER    VII. 

TYPICAL   PETROL  MOTORS  DESCRIBED. 

The  elements  of  petrol  motors  having  been  dealt  with  in  detail, 
an  attempt  may  be  made  to  describe  some  of  the  various  types 
in  actual  employment  on  modem  cars.  A  coiluplete  review  of  all 
is  impossible,  as  they  are  legion,  and  new  ones  appear  constantly ; 
but  the  sixty  or  so  described  in  this  chapter  are  thoroughly 
representative. 

It  is  vain  to  attempt  anything  more  than  a  very  general  classifi- 
cation of  modern  petrol  motors,  particular  classi6cation  being 
impossible.  The  last  year  has  seen  an  attempt  at  standardisation, 
and  now  a  number  of  leading  motors  conform  in  their  essential 
features  to  one  standard  practice.  As  regards  principles  of  opera- 
tion, the  vast  majority  work  on  the  four-stroke-cycle,  a  small 
number  on  the  two-stroke-cycle,  and  a  very  minor  and,  as  yet, 
unimportant  class  on  three-stroke-  and  six-stroke-cycles.  As  regards 
design,  vertical  motors  form  a  big  group,  horizontal  motors  a  com- 
paratively small  one,  and  inclined  motors  (excluding  those  used 
on  bicycles)  a  still  smaller  group.  Motors  may  be  classified  by 
the  number  of  their  cylinders,  but  this  is  of  no  practical  advantage, 
because  many  makers  produce  one,  two,  four,  and  sometimes  three- 
cylinder  motors  of  identical  design,  the  diiferences  being  only  the 
modifications  rendered  necessary  by  the  coupling  of  one  cylinder 
to  another.  The  method  of  working  the  inlet  valves,  either  atmo- 
spherically or  mechanically,  does  not  present  any  essential  point 
of  difference  between  one  motor  and  other ;  and  in  fact,  some 
modern  cylinder  castings  can  be  fitted  up  with  either  type  of  valve. 
The  method  of  cooling,  again,  although  a  most  important  feature, 
is  not  sufficient  basis  for  an  intelligent  classification,  for  with  but 
a  few  exceptions,  all  high-power  petrol  motors  are  cooled  by  water, 
which  is  in  turn  cooled  by  the  air,  and  most  low-power  motors, 
such,  for  instance,  as  are  used  on  cycles,  are  air-cooled  direct 
Again,  the  power  developed  is  no  guide,  because  in  some  cases  all 
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the  motors  produced  by  one  firm  are  made  to  the  same  general 
design,  the  difference  being  little  more  than  one  of  dimensions. 
Under  these  circumstances,  then,  there  can  be  but  little  helpful 
classification,  although  all  that  is  possible  in  this  direction  has 
been  accomplished  here. 

Vertical  motors  will  be  described  first,  then  horizontal  motors,  and 
then  two  examples  of  inclined  motors.  Heavy  oil  or  petroleum  motors, 
cycle  motors,  two-stroke-cycle  motors,  special  and  Diesel  motolrs  will 
then  be  discussed  in  the  order  in  which  they  are  here  mentioned. 

The  first  to  be  mentioned  is  the  Gt)ttlieb  Daimler  motor,  which 
opened  the  way  for  all  the  others,  though  it  is  no  longer  employed  in 
its  primitive  form.  As  early  as  1885  it  was  applied  to  the  bicycle, 
and  in  1886  to  cars.  Until  1889  it  was  made  with  one  cylinder 
only,  IJ  and  2  h,p.,  but  subsequently  two  cylinders  were  adopted 
for  1-,  2-,  and  4-h.p.  motors. 

The  Daimler  motor  naturally  ha^  undergone  modification  and 
improvement,  and  in  1895  was  adopted  by  Fanhard  and  Levassor 
under  the  name  of  the  Phoenix-Daimler,  but  this  was  abandoned 
two  years  or  so  ago  in  favour  of  the  Centaure  motor.  Of  course, 
the  German  Daimler  (Mercedes)  and  the  English  Daimler  motors 
are  vastly  different  constructions  to  the  original  Daimler  motor. 

The  English  Daimler  9-h.p.  motor,  introduced  last  year,  differed 
materially  from  any  other  two-cylinder  motor,  but  the  Daimler 
company  states  that  the  only  touring  cars  it  is  at  present  putting 
on  the  market  have  12-h.p.  and  22.h.p.  motors  respectively,  and  these 
are  of  a  more  usual  design  than  the  9-h.p.  motor  referred  to.  The 
12-lLp.  motor  is  shown  by  Figs.  186  and  187.  The  fly-wheel  A'  is  fixed 
on  the  rear  end  of  the  crank-shaft  outside  the  aluminium  crank 
chamber  6,  and  forms  the  female  portion  of  the  main  clutch.  The 
crank  chamber  is  in  two  parts,  divided  horizontally  about  the  crank- 
shaft C,  and  its  projecting  feet  rest  upon  the  car  underfirame.  The 
crank  chamber  provides  a  central  bearing  as  well  as  a  bearing  at 
each  end  for  the  crank  shaft  C.  The  two  inner  crank  pins  are 
in  Une  with  each  other,  and  are  set  at  180""  from  the  two  outer 
onea  The  big  ends  of  the  connecting  rod  are  lubricated  from 
inside.  Each  pair  of  cylinders,  D,  is  cast  in  one  piece  with  their 
jackets,  and  is  bolted  to  the  crank  chamber  separately,  and 
independent  cover  plates  E  are  bolted  on  the  jackets,  A.  The  plug, 
shown  in  the  head  of  the  combustion  chamber,  is  now  dispensed 
o 
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with,  the  necessary  metal  wall  being  now  part  of  the  casting. 
The  pipe  F  leads  the  circulating  water  into  the  jacket  between 
the  exhaust  valves,  and  it  is  led  out  through  the  pipe  G  at  the 
uppermost  part  of  the  cover  E.  Inlet  and  exhaust  valves  are 
shown  at  H  and  J,  and  the  igniters  screw  into  the  valve  cham- 
bers at  K,  I  is  the  exhaust  pipe.  Each  pair  of  inlet  valves  is  held  in 
place  by  a  single  nut  and  bolt,  L,  a  throttle  valve,  M,  being  also  fitted 


Fig.  186.~Choeb  Section  of  Ekouhb  Daihub  12-H,r.  Motor, 

in  the  castings  N,  which  hold  the  valves  in  place  for  each  pair 
of  cyhnders.  The  levers  0,  of  the  two  throttle  valves  M,  are 
connected  together  by  a  rod,  P.  and  they  are  operated  by  the 
governor  a,  through  levers  b  c.  The  two-piece  cam  shaft  is  coupled 
together  in  the  centre  of  the  motor.  The  two  cams,  W,  for  each  pmr 
of  cylinders  are  made  in  one  piece  with  a  sleeve,  and  each  sleeve 
is  keyed  to  the  cam  shaft  Q  and  enclosed  in  a  chamber  formed 
in  the  crank  chamber  casting.  The  cam  shaft  bearings  R  have 
solid  brasses,  and  are  carried  by  circular  eastings  which  renter 
into  each  end  of  these  containing  compartments.     The  cams  are 
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lubricated  by  oil  splashed  upon  them  by  the  revolving  cranks.  The 
sliding  rods,  which  are  actuated  by  the  cams  and  which  operate 
the  exhaust  valves,  are  carried  in  guide  pieces,  S,  screwed  into 
the  upper  metal  of  the  cam  chambers.  The  centrifugal  governor 
a  is  carried  by  the  half-speed  spur  wheel  T,  which  meshes  with  the 
half-sized   spur   wheel   U   on   the   crank  shaft.      Although    not   so 


Fig.    1ST. — E1.STATION   AKD   8lCTI0K»   OP  BAMLCft  MoTOtt. 

shown  in  Figs.  ISG  and  187,  the  pistons  V  are  fitted  with  two  double 
ringa  X  shows  the  piston  rods,  and  Y  the  carburetter,  described  on 
p.  119,  with  inlet  pipe,  Z,  The  normal  speed  of  the  motor  is  930  revo- 
lutions a  minute,  and  the  cylinders  have  a  bore  of  86  mm.  (338  in.) 
with  a  stroke  of  100  mm.  {3-93  in.). 

The    English  Daimler    22-h.p.   motor   also    has    four    cylinders, 

and  in  general  respects  resembles  the  12-h.p.  above  described,  the 

cylinders  being  of  simitar  design.     The  governor  gear,  cam  shaft, 

and  valve-operating  mechanism  are  different,  however,  for  the  governor 

o  2 
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regulates  the  speed  of  the  engine  by  suspending  the  action  of  the 
exhaust  valves  consecutively.  This  motor  is  also  fitted  with 
throttle  valves,  but  they  are  worked  by  hand  by  the  driver.  The 
normal  speed  is  720  revolutions  a  minute;  the  cylinders  have  a 
bore  of  105  mm.  (413  in.)  and  the  stroke  is  130  mm.  (5*1  in.). 
All  the  English  Daimler  motors  have  both  tube  and  electric 
ignition.  A  neat  combined  igniter  in  the  form  of  a  single  plug  is 
screwed  into  the  valve  chamber  of  each  cylinder.  The  tubes  project 
into  an  enclosed  metal  casing  which  contains  the  lamp  burners,  and 
these  casings  are  interconnected  in  such  a  manner  that  an  extin- 
guished burner  will  relight  itself.  As  a  rule,  however,  electric  ignition 
alone  would  be  employed,  the  lamps  serving  as  a  valuable  stand-by. 

Mercedes  (Grerman  Daimler)  1903  motors,  excluding  a  90-h.p. 
racing  car  motor,  are  respectively  of  18-,  25-,  and  60-h.p.,  and,  except  in 
dimensions,  these  are  identical  Each  has  four  vertical  cylinders,  cast 
in  pairs,  and  a  prominent  feature  is  the  encased  springs,  spiral  and 
slightly  coned,  of  the  mechanically — not  atmospherically — operated 
inlet  valves  arranged  centrally  on  top  of  the  cylinders.  The  lower 
power  motor  has  a  bore  of  110  mm.  (43  in.),  and  stroke  140  mm. 
(5'5  in.),  the  normal  speed  being  1,000  revolutions  per  minute.  The 
bore  of  the  higher  powered  motor  is  140  mm.  (5*5  in.),  and  the 
piston  stroke  150  mm.  (5*9  in.).  The  mechanically  operated  inlet 
valves,  which  are  large,  are  arranged  centrally  in  the  cylinder  heads, 
and  necessitate  special  mechanism,  the  object  being  to  give  increased 
space  for  the  new  ignition  systems  fitted.  The  degree  to  which  the 
inlet  valves  are  opened  is  variable.  The  hand  regulation  of  the 
quantity  of  explosive  mixture  drawn  into  the  cylinders  consists  in 
having  the  inlet  valves  opened  to  a  lesser  or  greater  extent,  and 
consequently  opened  and  closed  earlier  or  later  during  the  suction 
stroke.  The  movement  of  the  cams  on  the  half-speed  shaft  is 
transmitted  to  the  inlet  valves  through  vertical  rods  which  screw  into 
the  ends  of  pivoted  levers  whose  opposite  ends  press  upon  the  heads 
of  the  valve  spindles  ;  the  vertical  rods  have  small  toothed  pinions 
which  all  are  in  mesh  with  a  rack  When  this  rack  is  moved 
longitudinally  by  hand,  the  rods  arQ  caused  to  rotate  and  to  screw 
themselves  into,  or  partly  out  of,  the  sockets  at  their  heads  which 
engage  with  the  pivoted  levers.  Thus  when  the  rods  are  lengthened 
to  their  greatest  extent,  they  open  the  valves  and  allow  them  to 
close  up  at  the  usual  time  in  the  cycles  of  operations  ;  but  when 
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shortened  they  allow  a  variable  amount  of  idle  movement  between 
the  cams  and  the  valves,  and  when  shortened  as  much  as  is  possible, 
the  inlet  valves  remain  closed.  The  exhaust  valves  are  much  as 
usual,  and  are  beneath  the  yoke,  inspection  covers  being  arranged  over 
them  ;  the  exhaust  posts  from  each  pair  of  cylinders  are  connected 
together  in  the  cylinder  casting  itself,  the  exhaust  pipe  forking  to 
each  pair  of  cylinders.  There  are  two  systems  of  ignition  for  separate 
or  combined  use.  One  is  the  familiar  rupture  spark  given  by  a 
magneto  machine  driven  by  the  motor,  but  an  alteration  has  been 
made  to  facilitate  dismounting.  The  gear-driven  magneto  is  on  the 
same  side  as  the  exhaust  valves.  The  low  tension  sparking  plugs  are 
not  at  the  side  of  the  cylinders,  but  at  the  front  in  the  place  of  the 
inlet  valves,  which  have  been  moved  to  the  top  as  already  described. 
So  that  its  working  may  be  quite  clear,  each  plug  is  placed  where  the 
platinum  tubes  are  in  those  motors  employing  tube  ignition.  The 
sparking  rods  formerly  were  pushed,  but  now  they  are  operated  from 
a  special  cam  shaft,  which  is  driven  by  gear  wheels  from  the  crank- 
shaft, the  wires  leading  to  the  plugs  being  connected  at  their  other 
ends  to  terminals  fixed  upon  a  block  of  insulating  material  placed 
between  the  cylinder  castings.  But  little  information  is  obtainable 
about  the  other  ignition  system  ;  however,  plugs  and  a  magnet  are 
imderstood  to  be  employed,  and  the  unbreakable  plugs  used  are 
"  connected  by  a  single  wire  without  coils  or  accumulators  ; "  a 
contact  breaker  is  not  necessary,  and  the  current  is  alternating.  This 
second  system  is  said  to  have  worked  well  on  a  300-h.p.  six-cylinder 
motor  made  at  Cannstatt  for  the  Russian  navy. 

Panhard  and  Levassor,  as  before  stated,  abandoned  the  Daimler 
motor  for  a  new  motor — the  Centaure — and  this  itself  within  the 
last  two  years  has  been  modified  and  improved,  the  latest  type  being 
shown  in  part  elevation  and  part  section  by  Fig.  188,  whilst  Fig.  189 
is  a  plan,  and  Fig.  190  an  enlarged  vertical  section  through  one  of 
the  cylinders.  The  latest  modification  was  with  a  view  of  reducing 
weight  without  sacrificing  strength,  the  four  cylinders  being  quite 
separate  and  independent,  so  that,  in  course  of  manufacture,  each 
can  be  turned  in  the  lathe  and  its  weight  reduced  as  desired.  As 
shown  in  Fig.  190,  to  the  upper  part  of  each  cylinder  is  soldered 
a  water  jacket  of  very  thin  sheet  copper,  corrugated  so  as  to  give 
elasticity  and  allow  for  expansion.  A  water-jacketed  cap  surmounts 
each  cylinder  and  is  attached  to  it  by  four    bolts    tightening  a 
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ground  joint,  whose  diameter  is  less  than  that  of  the  cylinder. 
The  cap  has  on  it  the  igniter  and  contains  several  inlet  valves 
on   one   seating  screwed  into   the   cap  and  having  its  joint  made 


Figs.  18S  and  189.— Elevation,  Section,  and  Plan  op  "Centauke"  Motor. 

good  by  a  packing  washer  held  by  a  cap  secured  by  a  central 
bolt.  The  cap  also  contains  the  exhaust  valve  worked  by  a  cam 
on  the  countershaft,  and  to  support  the  cap  against  the  push 
of  the  cam,  it  is  held  to  the  motor  frame  by  a  tie-rod.     The  crank 
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shaft  has  a  beariog  between  each  pair  of  its  cranks,  and  also  a 
bearing  at  each   end   so  that  it  can  be  made  comparatively  light. 
As  illustrated,  the    motor  has    four  cast  steel  cylinders  (A)  side 
by  side,  and   entirely  separate 
from  each  other.    Each  cylinder 
(A)  is  fixed  to  the  crank  casing 

B  by  a  flange  C.      The  upper  I 

part  of  the  cylinder  ends  in  a 
narrowed  part,  on  which  is  fixed 
cap  D,  containing  the  inlet 
valves  E,  the  exhaust  valve  F, 
and  the  igniting  devices  O.  The 
jacket  G  is  of  thin  copper  ren- 
dered longitudinally  elastic  by 
corrugations,  this  being  neces- 
sary to  allow  for  expansion. 
The  ends  of  the  jacket  are  sol- 
dered to  the  cylinder.  The 
piston  H  and  connecting-rod  I 
are  as  usual  The  crank  shaft 
J  is  joumalled  in  a  bearing  at 
each  end  of  each  crank,  so  that 
it  can  be  made  lighter  than 
otherwise  would  be  necessary. 
The  cap  D  is  a  casting  of  curved 
tubular  form  K,  with  water- 
jacket  L,  the  joint  of  the  cap 
to  the  cylinder  being  ground 
true  and  secured  by  four  bolts. 
There  is  one  exhaust  valve,  F, 
but  there  are  three  atmospheric 
inlet  valves,  E,  seating  on  a  disc, 
M,  screwed  in  an  opening,  N, 
provided  in  the  cap.  The  joint  is 

J  J  ,  ,  .  ,  Fig.  190.— Section  of  Panrard  and  Letasbor 

made  good  by  a  packing  washer,  "Centaube"   Petrol  Motor. 

P,  lodged  in  a  circumferential 

groove  and  tightened  by  a  cap,  Q,  held  by  a  central  bolt,  R.  The 
ignition  plug  (p.  180)  is  placed  at  O.  The  exhaust  valve  F  is 
worked  by  cam  S,  on  the  countershaft  T,  moving  a  guided  rod  U. 
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The  push  on  the  cap  exerted  on  the  opeDing  of  the  exhaust 
valve  is  counteracted  by  a  tie-rod,  V,  one  end  of  which  is  fiied  to  the 
frame  B,  and  the  other  to  the  outlet  end  of  the  cap.  The  caps  D 
are  connected  to  one  another  by  lugs,  X,  cast  on  them,  and  by 
keys,  Y.  This  arrangement  has  the  effect  of  distributing  over 
several  cylinders  the  lateral  stress  exerted  on  a  cylinder  at  the 
moment  of  explosion  resulting  from  the  oblique  pressure  on  the 
connecting  rod,  while  in  an  angular  position.  The  motor  uses 
the  new  Krebs  carburetter  (described  on  pp.  141  to  144),  and 
the   jacket    water    is    cooled    in    a   multitubular    radiator.      In    a 


Pig.   191.  — Pan. 

HARD     laKItlO.S 


Centaure  four-cylinder  motor  shown  at  the  Paris  Salon,  December, 
1902,  the  inlet  valves  were  operated  mechanically.  The  above 
refers  to  the  type  employed  on  racing  cars,  such  a  motor  weighing 
308  kg,  (680  lb.)  complete  with  flywheel  developing  70  brake  h.p, 
at  a  speed  of  950  revolutions  per  minute.  The  cylinders  have  hem 
forged  from  steel,  but  apparently  casting  with  steel,  as  in  the 
above,  is  a  later  practice,  Centaure  motors  for  touring  cars 
adopt  the  above  principles  of  construction,  but  are  of  heavier 
build. 

Panhard  and  Levassor  are  introducing  a  three-cylinder  motor 
of  8  h.p.,  of  which  great  things  are  expected.  As  in  the  four- 
cylinder  described  above,  each  cylinder  is  a  separate  casting. 

The  nominal  15-h.p.  four-cylinder  Centaure  motor  (braking 
up  to  18  h.p.)  employed  on  the  Panhard  nnd  Levassor  car  driven 
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by  Jarrott  in  the  September,  1902,  ReliabQity  Trials  (see  p.  792) 
is  also  a  new  type.  Each  pair  of  cylinders  is  east  in  one  piece 
■with  their  heads,  and  the  bore  is  90  mm,  {3-54  in.)  and  the 
piston   stroke,  134  mm.   (527  in.).     The   cam   shaft  in   enclosed  in 


the  crank  chamber  castii^,  and  the  motor  base  is  tixed  to  the 
car  underframe.  The  commutator  is  motmted  on  the  front  end  of 
the  cam  shaft,  and  is  coimected  with  an  ignition  timing  lever  on  the 
right-hand  side   of   the  dash.      There  is  both  tube  and    electric 

ignition ;  an  autosparker  ignition  dynamo  run  by  the  motor  rechai^es 
the  accumulators  and  supplies  the  ignition  current  direct  when 
the  motor  speed  allows  of  this.  This  dynamo  is  shown  by  Fig.  I9l,  in 
which   D   D   are   pivots   in  a  stationary  casting ;    at  one   end   the 
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armature  carries  a  pulley,  A,  friction-driven  by  the  motor  fly-wheel, 
against  which  it  is  spring-pressed.  The  other  end  of  the  armature 
carries  the  centrifugal  force  governor,  B,  which  on  the  speed 
increasing  forces  a  sleeve  outwards  against  a  pivoted  lever,  C.  This 
lever  is  so  connected  that  it  tips  up  that  end  of  the  dynamo  proper, 
thus  breaking  the  friction  contact  between  the  pulley  and  the 
motor  fly-wheeL  The  dynamo  speed  is  thus  limited,  its  precise 
speed  depending  on  the  tension  of  the  spring,  which  is  altered 
by  means  of  the  thumb  nut  E. 

The  Panhard  and  Levassor  firm  has  a  new  method  of  distributing 
or  directing  the  current  successively  to  the  induction  coils  of  a 
multicylinder  motor.  The  apparatus  is  shown  in  horizontal  and 
vertical  sections  by  Fig.  192.  A  shaft  which  is  driven  by  the  motor 
has  a  boss  of  insulating  material  revolving  within  a  stationary 
sleeve  having  projecting  from  it  as  many  hollow  arms  as  there  are 
cylinders  in  the  motor.  Each  arm  contains  a  wire  gauze  brush 
enclosed  in  *  a  non-conducting  tube.  On  the  periphery  of  the 
insulating  boss  is  fixed  a  piece  of  metal  electrically  connected  to 
the  shaft  which  is  in  the  electric  circuit  As  the  shaft  revolves  this 
metal  piece  rubs  over  the  brushes  in  succession,  thus  closing  the 
circuits  of  the  several  induction  coils  one  after  the  other.  By 
turning  the  sleeve  partly  round  the  moment  of  ignition  may  be 
advanced  or  retarded.  The  apparatus  has  a  cylindrical  body,  A, 
shown  by  Fig.  192,  fitted  with  moderate  friction  on  the  shaft  O ;  fixed 
on  this  shaft  also  is  the  distributing  cam  B,  made  of  insulating 
material  and  having  a  metal  piece,  C,  screwed  to  the  shaft.  The 
body,  A,  has  as  many  projecting  bosses  as  there  are  cylinders  of 
the  motor,  and  on  these  bosses  are  fixed  brush  holders,  each 
consisting  of  an  insulating  cylinder,  D,  screwed  in  the  boss,  a  metal 
tube,  E,  passing  through  the  cylinder,  D,  a  cylindrical  brush,  F, 
consisting  of  a  roll  of  fine  wire  gauze,  a  helical  spring,  G,  pressing 
on  the  brush,  F,  and  a  cap,  H,  split  on  one  side  and  clamped  by 
a  screw,  a,  which  at  the  same  time  fixes  the  conducting  wire  6.  The 
apparatus  operates  as  follows :,  The  shaft  O  as  it  revolves  brings 
the  piece  C  to  each  of  the  brushes  in  succession,  thus  connecting 
the  shaft  0  to  the  conductor  6,  leading  from  that  brush  to  the  coil. 
The  position  of  the  body  A  upon  the  shaft  0  can  be  varied  by 
means  of  the  handle  K  and  lever  L,  attached  to  A,  the  period  of 
ignition  in  the  cylinders  being  thus  regulated  by  adjusting  the  points 
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of  the  revolution  where  the  primary  current  is  transmitted.  The 
front  of  the  body  A  has  a  cap,  I,  which  protects  the  brushes  and  cam 
from  dust  and  rain. 


The  de  Dion-Bouton  4i  brake  h.p.  one-cylinder  motor  is  shown  by 
Figs.  193  to  196.  Fig.  193  is  a  general  view,  Fig.  194  a  cross  section, 
Fig.  195  shows  the  igniter,  and  Fig.  196  the  motor,  carburetter,  etc., 
and  their  connections.  Referring  to  Fig.  194,  A  is  the  aluminium 
crank-case  made  in  halves  jointed  in  an  oil-tight  manner,  and  to  it 
is  boiled  the  cast-iron  cylinder  G  with  water-jacket  J.    The  inlet 
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valve  B  is  spring-controlled,  the  exhaust  valve  C  also  being  spring- 
controlled  and  opened  at  detinite  intervals  by  a  cam ;  this  cam  with 


mounted    the    two     supports    or 

standards  b  and  v.  The  former  carries  the  trembler  t,  and  through 
v  passes  the  platinum-tipped  regulating  screw  d,  whose  end  makes 
contact  with  a  little  platinum  boss  on  the  trembler.  At  the  lower  end 
of  the  trembler  spring  is  riveted  a  steel  shoe  which  fits  into  a  notch 
in  the  motor-operated  cam  c.    As  the  cam  is  revolved,  the  trembler 
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shoe  falls  into  the  notch  of  the  cam  c,  and  screw  d  and  trembler  t 
become  in  contact.  As  the  cam  lifts  the  shoe  out  of  the  notch, 
the  circuit  is  interrupted.  The  moment  of  contact  and  conse- 
quently of  ignition  is  varied  by  moving  the  vibrator  around  the 
cam  shaft.  In  the  scheme  illustrated  by  Fig.  196,  B  is  the  coil; 
C,  carburetter;  M,  motor;  P,  battery,  and  S,  exhaust  silencer. 

The  above  may  be  regarded  as  the  de  Dion-Bouton  standard 
type  as  regards  the  details  of  construction,  but  some  other  motors, 
of  course,  are  of  higher  power.  The  Populaire  voiturette  has 
attracted  much  attention,  and  this  has  a  6-h,p.  motor,  single-cylinder, 
fixed  in  front  to  two  inner  longitudinal  members  of  the  tubular 
frame.  It  does  not  differ  much  from  the  above,  having  no 
external  flywheel  or  clutch,  the  crank  shaft  being  connected  to 
the  first-motion  shaft  of  the  change-speed  gear  by  means  of  a 
longitudinal  shaft  having  universal  joints  (for  further  particulars 
of  the  transmission,  see  p.  400).  The  motor  drives  through  a 
helical  spring  a  pump  which  is  fixed  to  the  front  of  the  tubular 
frame,  and  which  circulates  the  cooling  water  through  a  radiator; 
the  shafts  of  motor  and  pump  are  in  line,  and  a  very  flexible 
drive  results. 

The  de  Dion-Bouton  10  h.p.  motor  (Fig.  197)  has  two  cylinders, 
cast  together  in  one  piece  with  their  jackets.  The  atmospheric 
inlet  valves  are  held  in  place  above  the  exhaust  valves  by  yoke  Y 
and  a  nut,  the  induction  pipe  fittings  for  each  valve  being  separate. 
The  oQ  pump  P  is  a  novel  feature;  it  circulates  the  lubricating 
oil  to  the  crank  chamber,  and  is  driven  through  vertical  shaft  S 
by  spiral  gearing  from  the  cam  shaft ;  it  takes  oil  from  the  bottom 
of  the  crank  chamber  and  returns  it  to  the  oil  supply  tank  T, 
fixed  to  the  cylinder  casing.  The  cam  shaft  is  mounted  in  ring- 
lubrication  bearings.  This  motor  has  a  special  commutator  and 
contact-breaker,  shown  by  Fig.  198.  The  various  parts  are  mounted 
on  a  metal  base  plate,  from  which  are  insulated  the  contact  pillars 
A  and  B  and  their  respective  terminals  C  and  D.  The  device 
is  mounted  about  the  cam  shaft,  but  can  be  removed  without 
interfering  with  the  cams,  owing  to  the  presence  of  spring  plungers, 
E,  which  can  be  drawn  outwards  against  the  action  of  enclosed 
springs.  Two  cams  (F  and  G)  are  fixed  beside  one  another  to 
the  shaft,  their  projections  being  at  an  angle  of  90**;  they  act 
upon  hardened   steel  pins,  fixed  to  the  ends  of   a    forked  piece 
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pivoted  at  H,  to  which  a  contact-making  spring,  J,  is  attached  Cam 
F  causes  the  contact  spring  to  make  circuit  with  the  fixed  contact 
C,  and  cam  G  is  scooped  out  to  allow  the  pin,  which  it  operates, 
to  move  inwards  for  this  purpose.  This  gives  quick  make  and 
break.  Fly  nuts  on  pillars  K  hold  in  place  a  light  cover,  which 
fits  over  the  moving  parts.     L  shows  attachment  to  timing  lever. 

A  new  method  of  forming  cylinder  heads,  patented  by  de  Dion- 
Bouton,  has  the  object  of  affording  means  to  vary  the  compression 
space  in  each  cylinder,  so  that  a  little  experimenting  shows  exactly 
the  space  that  gives  the  best  results;  it  also  gives  easy  access  to 
each  cylinder.  Instead  of  casting  the  cylinder  and  water  jacket 
in  one  as  hitherto,  both  combustion  chamber  and  jacket  have 
solid  concave  ends  or  lids,  A  and  C,  Fig.  199;  A  is  held  close  to 
the  underside  of  the  flange  E  at  the  end  of  the  cylinder,  whilst 
C  bears  on  an  outer  flange  (F)  on  the  water  jacket  wall,  and 
closes  the  water  space  above  the  combustion  chamber.  The  screwed 
stud  B  connects  the  two  caps,  which  are  tightened  upon  their 
flanges  by  screwing  down  nut  G,  which  has  a  lock-nut  G^.  This 
method  may  answer  if  the  joints  of  the  caps  can  be  made  per- 
fectly gas  and  water  tight. 

Simplicity  is  the  feature  of  the  Thomycrofb  petrol  motors  just 
introduced;  these  are  of  10  h.p.  and  20  h.p.,  and  are  of  similar 
design,  which  seems  to  embody  a  few  points  that  are  new  and 
many  that  modem  practice  has  approved.  The  10-Lp.  motor  has 
two  cylinders,  and  the  20-h.p.  motor  has  four  cylinders,  as  illus- 
trated in  Figs.  689  and  690,  p.  641.  The  bore  is  101 6  mm. 
(4  in.)  and  the  piston  stroke  111  mm.  (4*375  in.),  and  the  one-piece 
steel  crank  shaft  has  its  cranks  set  opposite  each  other,  and  is 
without  any  central  bearing.  The  pistons  are  long  and  have  four 
cast-iron  rings.  The  aluminium  crank  chamber  has  a  bottom 
cover  that  is  removable  without  affecting  the  crank  shaft,  whose 
bearings  are  in  the  upper  part  of  the  chamber.  The  crank  shaft 
prolonged  carries  the  governor  and  the  spur-wheel  that  operates 
the  pumps,  and  terminates  in  a  spring  clutch  connection  for  the 
starting  handle.  At  the  other  end  the  shaft  carries  the  customary 
fly-wheel  clutch.  The  inlet  valves  are  not  mechanically  worked, 
and  are  placed  vertically  above  the  exhaust  valves,  the  ignition 
plugs  being  screwed  in  midway  between  the  two.  The  design 
admits  of  mechanically  operated  valves,  whose  advantages,  by  the 
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way,  the  Thornycroft  company  considers  to  be  a  matter  of  conjec- 
ture. In  common  with  the  James  and  Brown  1903  motor,  and" 
the  Charron,  Giradot,  and  Voigt  motor,  the  inlet  valve  seatings 
are  held  down  by  a  single  nut  and  stud,  the  latter  bearing  on 
a  cross-piece  whose  ends  are  pressed  down  upon  the  two  branches 
of  a  hinged   and  breeched  aluminium  induction  pipe;  the  ends  of 


Kg.  198. 

Yigi.  107  «nd  198. — Db  Diira-Bouio.v   Two-ctlisokk  Motob  abd  Contact   Bebaebb. 
Fig.  189.— Db  Dion-Bovto.y  New  Cylinder  Heab. 

these  branches  have  narrow  collars  bearing  upon  the  inlet  valve 
seatings.  The  cam  shaft  gear  is  as  usual,  but  between  the  cam 
and  the  end  of  the  eshaust  valve  stem,  which  is  very  long  and 
of  bronze,  is  a  hard  steel  roller  222  mm.  (-875  in.)  in  diameter  to 
diminish  friction  and  to  prevent  side-thrust  on  the  valve  stem ;  the 
roller  has  the  advantage  over  a  ball  in  this  position  of  providing 
a  line-contact  with  the  driving  cam.  A  centrifugal  force  governor 
on  the  crank  shaft  throttles  the  intake  ;  and  the  throttle  valve  is 
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80  arranged  that  when  the  speed  increases  an  auxiliary  air  supply 
is  opened  automatically,  thus  keeping  the  proportions  of  the  charge 
approximately  constant.  There  is  the  usual  accelerator  to  cut  out 
the  governor.  For  the  high-tension  ignition  either  accumulators 
or  a  dynamo  can  be  used ;  in  the  latter  case,  the  motor  at 
starting  takes  current  from  the  accumulators  and,  after  a  certain 
speed  has  been  reached,  from  the  dynamo ;  for  this  purpose  there 
is  a  special  switch,  invented,  it  is  believed,  by  Sir  John  Thomycroft 


A  centrifugal  force  governor  on  the  dynamo  spindle  limits  the 
dynamo  speed.  Cooling  is  by  water,  and  a  multitubular  radiator 
can  be  used  if  desired,  there  being  provision  on  the  motor  shaft 
for  driving  a  fan. 

The  Sirams  single-cylinder  motor  has  a  water-jacketed  cylinder 
cast  in  one  piece,  and  cooling  is  very  effective.  The  cylinder  is 
of  110  mm.  (4-33  in.)  bore  and  100  mm.  (3'93  in.)  piston  stroke,  the 
working  compression  being  63  kg.  per  cm.*  {90  lb.  per  sq.  in.)  and 
the  power  6  brake  h.p.  at  1,000  revolutions,  and  7  brake  h.p.  at 
1,200  revolutions  per  minute.  With  a  70  kg.  (154  lb.)  fly-wheel  the 
motor  weighs  152  kg.  (3344  lb.),  this  including  carburetter,  eta  The 
height  over  all  is  5717  cm,  (225  in.),  the  width  over  brackets  is 
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457  cm.  (18  in.),  and  the  lei^th  from  end  of  crank  shaft  to  outsido  of 
fly-wheel  is  508  cm.  (20  in.).  The  motor  is  shown  in  aide  elevation 
«nd  section  by  Fig.  200,  in  longitudinal  section  through  cylinder  and 
crank  shaft  by  Fig.  201,  and  in  cross  section  through  cylinder  and 
valves  by  Fig.  202  ;  a  'plan  of  the  cylinder  head  is  given  by  Fig.  203. 
The  cam  shaft  operates  the  exhaust  valve,  the  low  tension  ignition 
plug,  and  the  magneto  machine,  and  is  carried  across  the  outside 


of  the  crank  chamber,  and  runs  in  an  oil  bath  for  the  greater 
part  of  its  length ;  it  is  driven  by  a  fibre  pinion  on  the  crank  shaft 
gearing  with  a  phosphor-bronze  wheel.  A  timing  lever  allows  the 
ignition  cam  gear  to  be  adjusted  relatively  to  its  shaft  on  the  Simnis 
patent  system  ;  and  variations  corresponding  to  motor  speeds  between 
200  and  1,500  revolutions  per  minute  thus  can  bo  made.  Counter- 
weights opposite  the  crank-pin  on  the  main  shaft  are  intended  to 
balance  the  revolving  parts  ;  special  lubrication  channels  and  passage 
in  the  crank  chamber  ensure  antoraatic  lubrication  of  the  various 
bearing  and  thrust  surfaces.  The  carburetter  is  of  the  float-feed  type, 
and  ia  automatic  in  its  action.  The  letters  on  Figs.  200  to  203  have 
the   following   references : — A,  piston ;    B,   inlet   valve  ;    C,   exhaust 
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valve ;  D,  low  tension  igniter ;  D',  rod  working  the  igniter ;  E,  in- 
spection plug  in  head  of  cylinder  ;  F,  connecting  rod ;  G,  crank  shaft 
with  special  lubrication  of  bearings ;  G',  counter-weights  to  balance 
connecting  rod  and  piston ;  H,  pinion  on  motor  shaft ;  I,  spur  wheel 
on  cam  shaft;  J,  cam  shaft  passing  through  crank  chamber;  K. 
magneto -generator  operated  by  pin  N  on  cam  shaft;  L,  exhaust 
cam  ;  M,  plug  which  actuates  igniter ;  N,  crank  pin  working  magneto 


through  connecting  rods  (not  shown);  O,  rocking  shafts  regulating 
time  of  ignition  ;  0^  inspection  cover ;  T,  fork  for  sliding  cam  M,  and 
crank  pin  N  ;  Q,  fly-wheel. 

Other  types  of  Simms  car  motors  have  the  same  kind  of  details, 
but  differ  in  being  twin-cylinder  or  four-cylinder  and  of  higher 
power,  whilst  there  is  a  small  2-h.p.  air-cooled  bicycle  motor 
embodying  the  same  principles  of  construction.  The  8-li.p.  type 
has  a  normal  speed  of  1,000  revolutions  per  minute,  and  al  a 
higher  speed  can   give  11  h.p.     Each  of  the  two  cylinders  has  its 
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own  exhaust  pipe.     The  12-h.p.  two-cylinder  motor  runs  normally  at 
1,200  revolutions  per  minute,  but  at  1,500  revolutions  per  minute  it 


Fig.  206. — Section  of  Humbbr  12  ii.r.  Motor. 

gives  15  h.p.    The  bore  of  its  cylinders  is  110  mm.  (4*33  ia),  and 
the  piston  stroke  100  mm.  (393  in.).    Simms  four-cylinder  motors 
<**?<?  Fig.  204)  have  mechanically  operated  inlet  and  exhaust  valves, 
p2 
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Figs.  207  and  208.— Elevation,  Section',  and  Plan  op  Humbsk  20  h.p.  Motor. 
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and  are  respectively  of  20  to  24  kp.  and  30  to  35  h.p.  The  com- 
pression in  both  is  63  kg.  per  cin.'  (90  lb.  per  sq.  in.),  and  bore  and 
stroke  are  95  mm.  and  110  mm.  (374  in.  and  43  in.)  and  110  mm., 
the  normal  speed  being  1,200  revolutions  per  minute. 

The  new  Brush  motors  of  8  h.p.,  12  h.p.  and  IG  h.p.  are  of  the 
Daimler  type,  and  brake  up  to  11  h.p.,  14  h.p.  and  23  h.p.  respectively. 
The  8-h.p.  one  (Fig.  205,  p.  226)  is  two-cylinder,  the   others  four- 


"-^ 


cylinder,  but  they  are  of  precisely  the  same  design.  The  cylinders 
are  cast  in  pairs  with  their  jackets  and  heads,  and  the  atmo- 
spheric inlet  valves  are  in  the  centre  of  the  cylinders  on  top. 
The  exhaust  valves  and  their  gear  are  much  as  usual,  and  inspec- 
tion covers  are  above  the  valves.  The  cylinders  are  bolted  to 
the  top  of  the  crank  chamber,  which  in  the  four-cylinder  motor 
is  in  four  pieces.  The  upper  portion  between  the  main  bearings 
and  the  cylinder  is  in  one  piece,  and  there  is  a  separate  base 
below  each  pair  of  crank  pins.  The  crank  shaft  is  forged  and 
turned  from  nickel  steel  The  cam  shaft  is  enclosed,  and  the 
governor  is  contained  inside  the  helical  toothed  spur-wheel  driven 
by  a  corresponding  Avheel  on  the  forward  end  of  the  crank  shaft. 
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The  commutator,  illustrated  as  being  on  the  end  of  the  cam  shaft, 
is  fixed  on  the  car  dashboard  when  the  motor  is  in  place,  and 
it  is  then  chain-driven.  The  circulating  pump  is  of  the  gear- 
wheel type,  and  is  driven  by  the  spur-wheel  that  also  drives 
the  half-speed  shaft.  The  usual  governor  acts  on  the  throttle, 
and  there  is  an  accelerator.  Generally,  ignition  is  by  means  of 
the  Brush-Dawson  magneto,  but  batteries  or  tube  ignition  may 
be  used  instead  (see  p.  600).  The  8-h.p.  and  16-h.p.  motors  have  a  bore 
of  100  mm.  (3*93  in.)  and  a  piston  stroke  of  140  mm.  (5*5  in.),  and 
the  12-h.p  motor  a  bore  of  85  mm.  (3*34  in.)  and  a  piston  stroke 
of  118  mm.  (4*6  in.).  The  long  stroke  in  relation  to  the  bore 
will  be  noted. 

The  two  principal  types  of  Humber  motors  (excluding  the  cycle 
motor  described  on  p.  282)  are  nominally  of  12  and  20  h.p.  respectively; 
each  has  four  vertical  cylinders.  The  smaller  motor  shown  in  section 
by  Fig.  206,  p.  227,  braking  up  to  14  h.p.,  has  a  bore  of  95*2  mm. 
(3*75  in.),  a  stroke  of  101*6  mm.  (4  in.),  and  the  normal  speed  is  900 
revolutions  per  minute.  The  inlet  valves  are  operated  atmospherically. 
The  Longuemare  carburetter  is  gravity  fed,  and  throttling  is  both 
hand  and  automatic  ;  ignition  is,  of  course,  electric.  The 
cylinders  are  cast  in  pairs  with  a  large  waterway  covered  by  an 
aluminium  plate.  The  larger  motor  (Figs.  207  to  209)  brakes  up  to 
25  h.p.,  and  whilst  greatly  resembling  the  other  it  has  one  or  two  more 
modern  features.  The  cylinders  are  of  the  same  design,  but  their  bore 
is  108  mm.  (4*25  in.)  and  stroke  146  mm.  (5*75  in.).  The  speed  is  900 
revolutions  per  minute,  and  both  inlet  and  exhaust  values  are  operated 
mechanically.  Carburetter,  throttling,  ignition,  etc.,  are  as  in  the 
smaller  motor.  In  both  cases  a  serai- rotary  circulating  pump  is 
directly  driven  off  the  motor  shaft.  A  contact  breaker  on  the  dash  is 
chain-driven  from  the  cam  shaft.  Fig.  207  is  a  part  front  elevation 
and  part  section,  Fig.  208  a  plan,  and  Fig.  209  a  part  end  elevation 
and  part  cross  section. 

The  Weller  motor  is  a  new  English  motor,  one  type  of  which 
has  three  cylinders,  the  two  outer  cranks  being  in  line,  and  the 
remaining  one  opposite  them.  Whatever  be  the  number  of 
cylinders,  each  crank  is  in  a  separate  chamber,  the  chambers 
providing  the  crank  shaft  bearings,  and  being  bolted  together  by 
three  steel  rods.  The  inlet  valves  are  opened  normally  by  helical 
springs,  which    are   stronger    than    the   ordinary    springs,    holding 
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the  valves  on  their  seats.  Cams  allow  the  valves  to  close,  and  the 
motor  is  regulated  by  limiting  the  extent  to  which  they  open. 

In  the  Soaraes  two-cylinder  vertical  motor  governinj,;  is  by  hand. 
To  vary  the  volume  of  mixture  admitted  the  tension  of  a' spring  is 
regulated,  this  tending  to  close  a  valve  through  which  the  mixture 
passes  to  the  inlet  valves ;  alongside  this  regulating  valve  is  a  valve 
through  which  cold  air  passes  to  the  cylinders  when  the  supply  of 
mixture  is  quite  cut  off. 

The  method  adopted    for    tht 
Soauies  motor   by    hand   and   foi 
cold  air  to  the  cylinders  when  n 
mixture    is   required,    such     as 
when    running    down    a    steep 
hill,   is    indicated   in   Fig.    210. 
The  Longuemare  carburetter  ia 
connected  by  the  pipes  A  and  B 
with  the  inlet  valves.      A  leads 
into  a  valve  box,  C,  and  the 
passage  through  it  to  the  pipe 
B  is  controlle<l  by  a  valve,  U, 
whose  rod  is  connected  through 
spring  E  by  the  cord    F,  and   tl 
with  a  pivoted  drum,  H,  to  whicl 
is  fixed.     The  drum  H  is  also  c( 
the   cord   F   to  another  spring,  '. 
attached  to  the  spindle  of  valve  ^.     ^j-.n^j^o 
E  and  K  can  nonually  hold  both  the  valves     '^'        "  "^^u^gTBiT^''" 
down  on  their  seats  against  the  motor  suction. 

The  valve  D  controls  the  passage  of  the  explosive  mixture,  as  already 
stated,  and  the  valve  L  permits  air  to  be  drawn  in  past  it  when  the 
spring  K  allows  it  to.  The  lever  J  is  connected  with  a  regidating 
lever,  which  lies  parallel  with  the  steering  pillar  in  front  of  the  driver, 
and  by  turning  this  hand  lever,  the  drum  H  can  be  rotated  about  its 
axis,  and  either  the  valve  D  or  the  valve  L  can  be  allowed  to  open 
more  or  less  freely.  In  this  mnnner  the  explosive  mixture  can  be 
throttled  to  the  desired  extent,  a  braking  effect  can  be  obtained,  or  tho 
cylinders  can  be  cooled  by  tho  admission  of  pure  air. 

Tlie  unusual  positions  of  tho  valves  form  a  feature  of  the  Primus 
two-cylinder   motor  (Figs.  211  and  212).      The   exhaust   valves  arc 
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central,  and   are  operated  by  cam,  rod,  and   lever,  as  clearly   illus- 
trated.    The  atmospheric  inlet  valves  are  at  the  side. 

The  Milnos  "  Voiturette "  motor  has  two  vertical  cylinders 
cast  in  one  piece,  and  the  few  reference  letters  in  the  following 
description  have  regard  to  Figs.  654  and  655  (p.  609),  which  show 
the  motor  and  transmission  gear.  The  cylinder  bore  is  90  mm. 
(S-54  in.)  and  the  stroke  ia  120  mm.  (4-72  in.).  The  mechanically 
operated  inlet  and  exhaust  valves  for  each  cylinder  of  motor,  B, 


Tiga.  211  and  212.— Sectiokb  of  Fhiml-s  Two- 
are  in  a  common  valve  chamber,  and  their  stems  project  down- 
wards 1  low  tension  ignilion  plugs  fit  into  the  sides  of  these 
chambers,  and  above  the  valves  are  inspection  plates,  held  down 
by  a  yoke  piece  and  nut.  The  water  jacket  passes  round  the  valve 
chamber,  the  water  entering  at  each  end.  The  inlet  and  exhaust 
valves  now  are  on  the  right  side,  but  in  later  models  will  probably 
be  on  the  left.  The  circulating  pump  and  the  fan  are  driven 
by  spur  wheels,  which  mesh  with  a  large  wheel  on  the  cam  shaft: 
this  shaft  is  worked  as  usual.  The  large  wheel  mentioned 
carries  a  centrifugal  force  governor  (this  can  be  cut  out  by  an 
accelerator)   whose   sliding    sleeve    is  connected    with    the    throttle 
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valve.  An  oscillating  magneto  on  the  left,  driven  by  an  eccentric 
on  the  crank  shaft,  will  in  later  models  be  replaced  by  a  rotary 
magneto,  gear-driven  from  the  half-speed  shaft.  Lubrication 
has  received  great  attention;  for  instance,  the  cam  chamber  is 
oiled  from  a  separate  lubricator,  the  entrance  to  which  is  controlled 
by  a  small  ball  valve ;  for  filling,  the  spout  of  the  oilcan  depresses 
the  ball  against  the  action  of  a  weak  spring.  For  the  solid  forged 
crank  shaft  there  are  very  long  bearings,  partly  formed  by  the 
lower  and  bolted-on  portion  of  the  crank  chamber.  A  big  fly- 
wheel, C,  is  fitted  on  the  crank  shaft.  The  radiator  and  tank  in 
one,  P,  is  of  the  multitubular  type. 

The  Milnes  (or  Milnes-Daimler)  20-h.p.  four-cylinder  motor 
has  mechanically  operated  inlet  valves,  and  low  tension  magneto 
ignition.  Each  plug  can  be  disconnected  electrically  instantly 
by  means  of  a  switch  arm  which  is  mounted  on  an  insulated  rod 
passing  along  the  top  of  the  cylinders,  and  which  engages  with 
spring  clips  on  each  plug.  The  insulated  wire  from  the  magneto 
is  connected  to  the  end  of  the  insulated  rod,  and  the  four  switch 
arms  are  normally  held  in  place  and  make  contact  with  their 
respective  plugs.  Ignition  is  not  variable  except  in  so  far  as  the 
greater  the  motor  speed  the  greater  the  quantity  of  current 
generated  by  the  magneto,  and  therefore  the  more  intense  the 
spark  in  the  combustion  chamber.  The  cam  shafts,  one  each  side, 
are  not  enclosed,  and  are  driven  by  a  brass  spur-wheel  on.  the 
forward  end  of  the  crank  shaft.  The  Simms-Bosch  magneto 
has  a  revolving  cast-iron  shield  between  armature  and  field. 

Mors  modern  vertical  motors  are  made  in  the  following  si^es: 
6,  8, 11,  12, 15,  18,  22,  and  30  h.p.,  all  being  vertical,  and  all  having 
four  cylinders  except  the  first  mentioned,  which  has  two ;  the  motors 
chiefly  used  are  those  of  11  and  18  h.p.  Fig.  213  shows  the 
two  right-hand  cylinders,  the  other  two  being  similar.  This  motor 
typifies  the  latest  construction  of  automobile  motors,  in  which 
the  inlet  valves  are  operated  mechanically.  Each  cylinder  is  a 
separate  casting  with  its  water-jacketed  head  and  valve  chambers. 
The  jackets  for  the  cyUnder  walls,  however,  are  of  aluminium 
and  are  cast  in  pairs,  but  when  fixed  with  studs  to  the  cylinders 
there  is  communication  between  all  four  of  them.  The  cylinders  are 
forced  down  into  place,  and  the  jackets  hold  them  to  the  crank 
chamber.      The    inlet    valves    are    on    the    opposite    side    to    the 
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exhaust  valves,  and  there  are  inspection  plugs  for  all  the  valves. 
The  ignition  plugs  fit  into  the  tops  of  the  cylinders,  and  they 
are  served  by  separate  knife  switches.  Ignition  is  low  tension, 
the  current  coming  from  a  gear-driven  magneto  attached  to  the 
crank  chamber  on  the  opposite  side  to  that  illustrated  in  Fig  .213. 
The  ignition  plugs  form  the  insulated  spark  points  with  which 
an  uninsulated  rocking  arm  makes  and  breaks  contact  The  other 
portion  of  the  ignition  device  passes  through  the  side  of  the 
combustion  chamber  near  the  inlet  valve  chamber,  the  rocking- 
arm  itself  being  kept  cool  by  the  incoming  explosive  mixture. 
The  igniters  are  operated  by  cams  on  the  shaft  that  carries  the 
inlet  valve  cams,  Fig.  213  showing  the  vertical  rods  passing  up 
to  the  igniters.  On  a  motor  exhibited  at  the  Paris  Salon,  in 
1902,  the  moment  of  ignition  was  varied  by  a  small  shaft  parallel 
with  the  cam  shaft  just  mentioned ;  this  small  shaft  was  controlled  by 
a  hand  lever  above  the  steering  wheel,  the  connection  being  through 
a  hoUow  steering  pillar.  There  are  two  cam  shafts  on  each  side 
of  the  motor,  the  cams  being  enclosed  in  casings  bolted  on.  These 
are  driven  by  spur  wheels,  which  mesh  with  a  common  wheel  on 
the  crank  shaft,  and  to  make  the  larger  wheels  run  silently  they 
are  built  up  of  fibre  and  brass,  as  illustrated,  in  a  manner  adopted 
on  some  other  modern  motors.  These  built-up  wheels  on 
the  Mors  motor  are  three-ply,  the  brass  being  between  the  fibre, 
as  shown  to  the  right  in  Fig.  213 ;  in  motors  of  some  other  makes 
brass  is  outside  and  fibre  inside.  The  governor  is  fitted  into 
the  lai^e  spur  wheel  on  the  inlet  cam  shaft,  and  operates  a 
throttle  valve  on  the  carburetter  outlet.  The  new  Mors  carburetter 
is  described  on  p.  126 ;  only  one  is  used  for  all  the  four  cylinders, 
its  pipe  branching  to  each  pair  and  then  again  to  each  cylinder. 
The  body  of  the  crank  chamber  and  the  projecting  feet  are 
cast  in  one  piece,  and  the  end  barings  are  solid  bushes  supported 
in  disc  castings,  which  form  the  front  and  rear  of  the  chamber.  The 
crank  shaft  drives  a  fan  placed  immediately  behind  the  multitubular 
radiator.  The  starting  handle  is  connected  with  the  crank  shaft 
through  spur  wheels,  there  being  between  the  two  a  simple 
clutch,  resembling  a  bicycle  "  free  wheel "  clutch,  to  facilitate 
starting,  and  to  avoid  injury  to  a  person's  wrist  should  the 
charge  ignite  prematurely. 

The  Mors  system  of  volume  throttling  is  shown  by  Fig.  214.     The 
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throttle  valves  A  on  the  induction  pipes  are  worked  by  levers  B,  on 
the  valvo  shaft  C,  which  operate  under  the  action  of  the  governor 
D.  Of  the  two  springs  E  and  F,  the  former  is  the  stronger,  and 
tends  to  open  the  valves.  With  these  springs,  the  valve  action  is 
more  sensitive  than  when  the  governor  alone  is  used.    The  throttle. 


worked  by  bund,  or  by  the  governor,  or  by  both,  reduces  the  volume 
of  the  charge  admitted  and  thus  slows  down  the  motor.' 

The  Peugeot  modern  vertical  motor  is  an  entirely  different 
machine  from  the  horizontal  motor  formerly  used.  It  is  made 
in  a  number  of  styles  and  sizes :  the  one-cylinder  motor  is  of 
Ci  brake  h.p..  with  a  cylinder  bore  and  piston  stroke  of  100  mm. 
(S^yiJ  in.),  and  its  speed  is  1,000  revolutions  per  minute;  this  is 
the  motor  used  on    the   Baby   Peugeot   car  which  has   made  such 
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good  performances.  The  two-cylinder  motor  is  of  10  kp.  (as  was 
also  an  older  type  of  four-cylinder  motor  of  94  mm.  (37  in.)  bore 
and  stroke,  and  the  new  four-cylinder  motors  are  of  12  and  18  h.p. 
respectively;  these  have  mechanically  operated  inlet  and  exhaust 
valves,  the  former  to  the  right  of  the  combustion  chambers  and 
the  latter  to  the  left,  and  a  separate  exhaust  pipe  connects  each 
cylinder  to  the  exhaust  box  alongside  the  motor.  The  two  cam 
shafts  are  driven  by  enclosed  gear  wheels,  and  a  circulating  pump  is 
gear-driven  in  front  of  the  crank  chamber.  When  low  and  high 
tension  ignition  is  fitted,  the  low-tension  igniters  are  operated  by 
cams  on  same  shaft  as  those  that  operate  the  inlet  valves,  the 
current  being  generated  by  a  gear-driven  magnet,  fixed  to  the 
right-hand  side  of  the  crank  chamber.  This  cam  shaft  carries 
a  centrifugal  governor  in  front,  whilst  at  its  other  end  it  chain- 
drives  a  commutator  and  belt-drives  a  lubricator.  The  governor 
regulates  the  motor  speed  by  means  of. a  throttle  on  the  intake. 
Thus  the  Peugeot  motor  does  not  very  greatly  differ  from  some 
other  first-class  modern  motors,  but  the  means  of  actuating  the 
inlet  valves  is  interesting. 

One  type  of  modern  Benz  car  has  a  horizontal  motor,  but  in 
the  latest  twin-cylinder  type  the  cylinders  are  vertical  and  form 
a  single  casting.  The  10  to  12  h.p.  motor  has  a  bore  of  101*6  mm.  (4  in.) 
and  a  stroke  of  111  mm.  (4375  in.),  and  the  speed  varies  between 
300  and  1,200  revolutions  a  minute.  The  induction  valve  is 
atmospheric.  To  make  the  valve  chambers  accessible,  the  covers 
are  held  down  in  their  seatings  by  the  inlet  pipe  fittings,  secured 
by  a  yoke  piece  and  nut.  The  throttle  valve  is  regulated  by  a 
centrifugal  governor,  and  by  a  small  hand-lever  near  the  steering- 
wheel.  The  general  arrangement  of  the  motor  is  shown  in  Fig.  215  ; 
the  enclosing  castings  are  of  aluminium.  A  single  exhaust  pipe  leads 
to  the  exhaust  box  from  a  branched  fitting  communicating  with  the 
two  cylinders.  Ignition  is  on  the  low-tension  system,  the  igniter 
fitting  into  the  side  of  the  valve  chamber  between  the  inlet  and 
exhaust,  the  current  being  generated  by  a  gear-driven  magneto. 
The  spray  carburetter  is  of  the  Richard- Benz  tj^e  (see  p.  136),  as  is 
also  the  new  radiator  for  cooling  the  water.  The  circulating  pump 
in  front  is  driven  by  spur  gearing ;  a  fork  projects  for  its  spindle, 
as  shown,  and  its  prongs  engage  in  slots  in  the  governor  spur 
wheel,   and   thus  it   is   driven  on    the   lathe-carrier   principle.      A 
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hand    force-pump   on   the   lubricator   box   feeds    oil   to   the    crank 
chamber. 

The  Chenard  and  Walcker  twin-cylinder  motor,  shown  in  Fig.  216, 
has  an  aluminium  crank  chamber,  whose  four  feet  are  bolted  to  the 
underfrarae.     The  two  cylinders  are  east  in  one  piece  with  their  jackets, 


and  the  valve  chambers  are  formed  on  each  side,  inlet  valves  on  the 
right,  exhaust  valves  on  the  left.  The  mechanically  operated  inlet  and 
exhaust  valves  are  interchangeable  and  are  normally  held  on  their 
seats  by  strong  springs.  The  two  cam  shafts  lie  inside  the  crank 
chamber  on  cither  side,  and  are  driven  by  spur-wheels  through  an 
intermediate  wheel  Irom  a  half-sized  gear  wheel  on  the  crank-shaft. 
The  central  part  of  the  crank  chamber  is  made  in  one  piece,  and 
is    fitted    with    Hat-end    eastings,    which    carry    the    crank    shaft 
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bearings.  The  casing  enclosing  the  gear  wheels  driving  the  cam  shafts 
also  covers  the  centrifugal  force  governor  mounted  upon  the  crank 
shaft  The  exhaust  cam  shaft  has  a  commutator  on  its  front 
projecting  end.  The  cam  which  makes  and  breaks  the  electrical  circuit 
between  battery  and  coil  has  two  projections  but  only  one  contact 
spring,  the  same  contact  therefore  being  made   twice  during  each 


Fig.  21 
Wa 

revolution  of  the  cam  shaft  The  inlet  cam  shaft  carries  special 
cams  for  operating  the  push  rods  acting  upon  the  inlet  valve  spindles ; 
the  shaft  has  a  long  key-way  so  that  it.  together  with  the  cams,  can 
be  moved  longitudinally,  although  it  is  at  all  times  driven  by  its  spur 
wheel  The  shaft  is  provided  with  a  collar  at  its  forward  end,  which 
is  engaged  by  the  forked  end  of  a  lever,  whoso  other  end  is  fixed  to  a 
spindle  which  is  carried  in  bearings  in  the  governor  casing,  and  the 
sliding  sleeve  of  the  governor  engages  with  a  second  fork  lever  which 
is  fixed  to  the  same  spindle.  The  governor  has  not  a  spring,  but  when 
rotated  it  tends  to  force  the  inlet  valve  cam  shaft  A,  Fig.  217. 
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rearwards,  and  to  therefore  slide  the  inlet  cams,  so  that  a  different 
portion  of  their  services  operates  the  inlet  valves.  The  shape  of  the, 
special  cams  is  shown  diagrammatically  in  the  end  and  side  elevations, 
Fig.  217.  The  cam  projection  at  the  one  end,  B,  would  open  the 
inlet  valve  at  the  beginning  of  the  suction  stroke,  but  would  almost 
immediately  afterwards  allow  the  valve  to  close.  The  other  end  of 
the  cam,  C,  would  open  the  valves  at  precisely  the  same  point  and  to 
the  same  extent,  but  would  hold  it  open  until  the  intake  stroke  were 
complete.  At  intermediate  positions  of  the  cam,  the  valve  would 
close  sooner  or  later  according  to  the  longitudinal  position  of  the  cam 
shaft  beneath  the  inlet  valves.  When  the  motor  is  first  started,  and  if 
the  controlling  spring  were  adjusted  for  running  at  high  speed,  the 
left  end,  C,  of  the  cam  would  be  operating  the  inlet  valves,  and  when 


Fig.  217. — Chexard  and  Walcker  Regulating  Cam. 

the  speed  of  the  motor  increased  the  governor  would  tend  to  slide  the 
cam  along,  reducing  the  quantity  of  mixture  drawn  into  the  cylinder, 
and  consequenty  reducing  the  force  of  each  explosion.  In  practice, 
however,  the  controlling  spring  is  not  allowed  to  exert  any  pull  when 
starting  the  engine,  and  consequently  the  cam  shaft  is  caused  to  slide 
longitudinally  owing  to  the  action  of  the  push  rod  on  the  tapered  face 
of  the  cam,  so  that  the  right-hand  end  B  is  brought  beneath  the 
valve  spindle,  and  a  small  quantity  of  mixture  is  admitted  during  each 
suction  stroke.  The  extent  to  which  the  valve  i^  opened  is  constant 
and  therefore  there  is  no  throttle  action  on  the  carburetter,  except 
such  as  IS  due  to  high  piston  speed.  The  quantity  of  air  drawn 
through  the  carburetter  during  the  suction  stroke  of  the  engine  varies 
in  the  aggregate,  according  to  the  position  of  the  cams,  but  the  rate  at 
which  it  passes  through  it  during  any  particular  part  of  the  stroke  is 
not  affected  by  changes  of  position  of  the  cam  shaft.  Owing  to  this, 
the  richness  of  the   mixture  is  not  affected  by  the  action  of  the 
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governor  anything  like  as  much  as  with  a  throttle  valve.      A  vacuum 
is  formed  in  the  cylinder  during  the  working  stroke,  the  compression 
is  considerably  reduced  at  the  end  of  the  nest  stroke,  the  initial 
pressure  resulting  from  combustion  is  considerably  less,  and  during 
the   firing   stroke  the   gases  expand  down  to  atmospheric  pressure 
before  the  exhaust  valve  opens.      Again,  the  quantity  of  mixture 
admitted  to  the  cylinder  is  varied  but  slightly  by  changes  of  speed, 
-  whereas  when  a  throttle  valve 
is  employed  the  effect   of  the 
throttle  becomes  less  and  less 
as    the    motor     runs    slower. 
The    Auiomotor    Journal,   to 
whom  this  description  and  the 
accompanying    diagrams     are 
due,   doubts    whether  this    is 
altogether    an   advantage,    for 
the  effect  obtained  by  throt- 
tling  is  often  inconvenient   if 
the  force  of  the  explosions  be- 
comes greater,  as  the  speed  is 
decreased   owing   to    increased 
load.      Perhaps,   however,    the 
advantages  obtained,  so  far  as 
the  carburetter   is   concerned, 
entirely  outweigh  such  a  small 
matter.      Were  it  not  for  the 
fact  that  the  velocity  of  the 
air  passing  through    the    car- 
buretter varies  as  the  speed  of 
Fi,.  iii8.-D.c„™L.  T,<,.ov„».„  Mo™..     *e  motor  varies,  Ihis  goTCm- 
ing  -system,  in  conjunction  with 
an  ordinory  float-feed  carburetter,  would  give  practically  the  same 
result,  so  far  as  constancy  of  mixture  is  concerned,  as  is  arrived  at  with 
the  Jirebs  carburetter,  described  on  p.  141.     The  ignition  plugs  are 
screwed  into  the  walls  of  the  inlet  valve  chambers  horizontally,  and 
the  insulated  wires  from  each  high-tension  terminal  of  the  coil  are 
brought  to  them.    The  primary  current  passes  through  the  coil  twico 
during  each  revolution  of  the  cam  shaft ;  the  one  contact  being 
necessary  to  produce  ignition  is  in  the  one  cylinder  and  the  other  in 
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the  other  cylinder  ;  on  both  occasions,  however,  the  currant  finds  its 
way  across  from  one  high-tension  wire  to  the  other  across  the  spark 
points  of  both  plugs,  the  current  passing  from  one  plug  to  the  other 
through  the  cylinder  casting.  By  this  arrangemeht,  greater 
sjTichroDism  between  the  two  cylinders  is  obtained.  The  time  of 
ignition  is  fixed,  and  the  spark  occurs  slightly  before  the  end  of  the 
compression  stroke.  The  reason  why  back  firing  is  not  experienced 
when  starting  the  motor  is  that  the  lead  given  to  the  ignition  is 
slight,  and  the  inlet  cams  are  not  admitting  a  full  charge  of  mixture 


Fig.  220.— Dsc4dv:lle  Iqnitiok  Dynamo. 

at  that  tima  The  method  employed  for  govemii^  the  motor  would 
be  affected  if  the  moment  of  ignition  were  to  be  varied.  On  a  light 
load  the  moment  of  ignition  could  be  advanced  without  causing  pre- 
ignition,  owing  to  the  reduced  compression  in  the  cylinder,  and 
because  the  charge  fires  less  rapidly  at  lower  compressions.  The 
LoDgucmare  exhaust-jacketed  carburetter  draws  its  air  supply  from 
near  the  exhaust  pipe.  At  the  normal  speed  of  900  revolutioDs  per 
minut«,  12j  b.  b.-p.  is  developed,  but  the  motor  is  so  elastic  that  the 
speed  can  he  less  than  100  or  as  much  as  1,200  revolutions  per  minute. 
The  Decauville  modem  two-cylinder  vertical  motor  is  shown 
in  cross  section  by  Fig.  218.  In  this  motor,  the  cylinders  are  cast 
in  one  piece,  and  the  piston  rods  are  arranged  at  an  angle  of 
180°,  and  the  bearing  surfaces  are  of  wrought  steel,  except  those 
of  the  cyliader  and  pistons.  The  cylinder  bore  and  piston  stroke 
Q 
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are   110  mm.   (4*3  in.).      The   pistons,  exceptionally  long,    project 
into  the  aluminium  crank  chamber  at  their  lowest  positions,  and 
so  assist  lubrication,   the  oil  being  carried  from   the  chamber   to 
the  cylinder  walls;  further  lubrication  is  assured  by  dynamo-type 
rings,  which  constantly  draw  oil  from  two   wells,  one  below  the 
front  bearing  and  one   below  the  back  bearing,  and  raise  it  into 
the   bearings,   through   which  it  overflows  on   to   the  piston  rod ; 
from  the  base  chamber  the  oil  returns  through  a  groove  into  the 
wells.      The  inlet  valves  are  atmospheric,  and   the  apparatus  for 
working  the  exhaust  valves  is  shown  by  Fig.  219  and  is  at  one 
side  of  the  motor;  it  can  be  removed  without  interfering  with  the 
cog-wheels.     A  governor  works  on  the  exhaust  valve.     Ignition  is 
electric,   and   if  desired,   the    current   is   furnished   by   a  dynamo, 
belt-driven  from   the  motor  shaft,  which   is  forged  in  one   piece ; 
a  section  of  the    Decauville  dynamo  is  given  by  Fig.   220.      The 
circulation  of  the  cooling  water  is  assured  by  a  centrifugal  pump, 
gear-driven  by  the  motor  shaft,  and  a  Loyal  radiator  of  the  type 
shown  by  Fig.  168,  p.  194,  is  employed.      The  Sthenos  carburetter 
adopted  is  described  on  p.  121.     This  motor  gives  10  h.p.  at- 1,000 
revolutions  per  minute. 

Another  type  of  Decauville  motor  is  of  16  h.p.,  and  is  quite 
new ;  it  has  four  vertical  cylinders,  and  the  base  of  its  crank 
chamber  is  made  in  one  piece  with  the  lower  part  of  the  gear 
box.  Each  pair  of  cylinders  is  cast  in  one,  and  both  inlet  and 
exhaust  valves  have  mechanically  operated  valves,  the  two  cam 
shafts  being  on  opposite  sides  of  the  crank  chamber.  Bassee- 
Michel  ignition  plugs  are  used.  The  water  jackets  of  the  cylinders 
are  divided  into  two  parts  by  a  vertical  metal  partition  in  the 
direction  of  the  motor's  length;  and  this  partition  prevents  the 
water  from  passing  across  from  one  side  to  the  other,  except  at 
the  bottom  of  the  jackets.  The  long  pistons  are  again  employed 
here,  and  the  gudgeon  pin  is  prevented  from  moving  by  a  wide 
piston  ring  which  does  not  touch  the  cylinder  walL 

The  Darracq  four-cylinder  motor  of  12  or  20  h.p.  takes  the 
familiar  form  of  two  distinct  castings,  each  comprising  two  cylindera 
Both  inlet  and  exhaust  valves  are  operated  mechanically.  Immedi- 
ately above  the  inlet  valves  the  high  tension  ignition  plugs  tit 
horizontally  into  the  valve  chamber  walls. 

The  Rochet-Schneider  20-h.p.  four-cylinder  motor  has  a  peculiar 
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system  of  making  electrical  contact  with  the  iguitioa  plugs,  the 
current  being  supplied  by  a  magneto.  Knife  switches  are  pivoted 
upon  a  spindle  carried  on,  but  insulated  from,  brackets  formed 
on  the  top  water-pipe.  The  inlet  valves  are  worked  mechanically, 
and  other  details  conform  to  latest  practice  as  indicated  in  the 
end  view.  Fig.  221,  in  which  the  magneto  with  carburetter  behind 


Fig.     221.— ROCHST-SCHMIDBH    FonR. 

it  is  shown  to  the  left,  and  gear-driven  pump  and  governor  to  the 
right.  The  method  of  driving  the  mi^eto  is  also  shown  clearly. 
The  O.  Richard  vertical  motor  is  made  in  [several  styles  and 
powers,  the  standard  sizes  being  10  brake  h.p.,  12  h-p.,  24  Lp.,  and 
40  h.p.  All  these  have  a  normal  speed  of  1,000  revolutions  per 
minute.  The  tirat  has  two  cylinders,  with  a  bore  and  stroke  of 
100  ram.  (3-9S  in);  the  second  also  has  two  cylinders,  with  a 
bore  of  104  mm.  (41  in.),  and  a  stroke  of  100  mm.  (3!)3  in.),  and 
it  can  give  on  occasion  111  brake  h.p, ;  the  thiri)  and  fourth  have 
<i2 
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four  cylinders,  both  agreeing  with  the  second  type  in  other 
respects,  except  that  the  40-h.p.  motor  has  a  bore  of  125  mm. 
(4-9  in.)  and  a  piston  stroke  of  130  mm.  (51  iil).  These  four 
motors  are  of  practically  the  same  construction.  The  atmospheric 
inlet  valves  are  in  the  cylinder  heads,  and  the  low- tens  ion 
igniters,  fitted  in  the  right-hand  side  of  the  heads  opposite  the 


Fig.     222.— TONT-UUBRR   FOCB 

exhaust  valves,  are  operated  by  the  usual  cam  shaft,  but  the 
moment  of  ignition  is  varied  by  a  device  acting  upon  the  trip 
mechanism  close  to  the  igniters.  The  rotary  gear-driven  magnetti 
fixed  to  the  crank  chamber  is  driven  by  a  separate  lay  shaft 
on  the  right,  this  shaft  also  driving  the  lubricating  oil  pump. 
The  G.  Richard  four-cylinder  motors  use  the  special  carburetter 
described  on  p.  127. 

The  Tony-Huber  new  foiu--cylinder  motor  (Fig.  222)  is  on  the 
new  Panhard  style,  having  a  water-jacket  of  sheet  metal,  the  pipe 
connections  to   which   have   an   easily  removable  to^le-joint   form 
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of  union;  a  rubber  washer  completes  the  joint,  pressure  being 
appUed  by  an  arrangement  of  bent  wires,  one  of  which  forms  a 
toggle  lever.  As  illustrated,  both  the  inlet  and  exhaust  valves 
are  operated  mechanically,  the  rods  worked  by  the  cam  being 
of  large  diameter,  and  their  tops  forming  disc  cams ;  the  valve 
spindles  rest  on  these,  and  there  is  mi  arrangement  for  simultaneously 


Figs.  223  end  22*.— Gobbok  and  Biui.li£  Pbtkoi.  Motok. 

rotating   the   rods   so   as   to  vary   the  degree  to  which  the   valves 
are  lifted. 

The  Gobron  and  Brilli^  motor,  shown  by  Figs.  223  and  224,  has 
two  vertical  cylinders  side  by  side,  with  two  pistons  in  each,  e  f 
and  «'  f,  each  pair  working  in  opposite  directions.  The  rods 
of  the  lower  pistons  drive  the  crank  R ;  those  of  the  higher 
pistons,  by  means  of  the  bar  A  and  the  connecting  rods  t  t,  drive 
the  cranks  b  6',  which  are  at  180°  from  the  first  The  coupling 
of  the  higher  pistons  is  thus  heavier  than  that  of  the  lower  pistons, 
but  in  return  the  throw  of  the  cranks  h  b'  is  smaller  than  that  of 
R,  and  the  difference  is  calculated  so  that  the  strains  of  the  two 
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sets  of  pistons  perfectly  equilibrate  each  other.  All  the  motor 
vibratioDS  appear  to  be  overcome.  The  charges  of  oils  measured 
by  volume  by  the  appliance  described  on  p.  139,  which  is  controlled 
by  the  regulator,  are  atomised  in  the  suction  pipe  and  mixed  with  ur; 
the  mixture  admitted  by  the  automatic  valve  n  enters  the  channel 
below  into  one  of  the  explosion  chambers  m*  or  m^,  and  after 
compression  is  ignited  electrically.  An  automatic  commutator  is 
placed  on  the  secondary  circuit  and  alternately  sparks  in  each 
chamber  with  a  single    coil:    the    lead    of  ignition    is    regulated 


Figs.  225  and  226.— Sections  of  Hai.'tii>u  Fock-cvliudeu  Motob. 

automatically  by  the  lever  for  speed  changing,  the  speed  ranging 
from  250  to  1,000  revolutions  per  minute.  The  amount  of  water 
employed  for  cooling  can  be  limited  by  aid  of  a  radiator  to  8  1,  or 
10  1.  (14  pt.  to  17-6  pt). 

The  Gobron-Brillie  motor  dispenses  with  a  carburetter;  instead, 
a  cone,  upon  whose  face  is  cut  a  number  of  small  recesses  or 
buckets,  rotates  intermittently  within  another  cone  in  such  a 
manner  that  the  petrol  or  alcohol  supplied  enters  each  of  the 
buckets  in  a  deBnitely  measured  quantity,  each  holding  sufficient 
for  one  cylinder  charge ;  the  measurer  is  rotated  by  a  small  ratchet, 
actuated  by  a  hit-and-miss  lever,  and  controlled  by  an  inertia 
governor.  A  later  type  of  this  motor  encloses  in  a  removable 
aluminium  case  the  upper  pistons  and  the  bridge-piece  carrjnng 
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the  connecting  rods  outside  the  cylinders.  Each  connectii^  rod 
is  formed  of  two  steel  rods.  Four  drop  brackets,  brazed  to  the 
tubular  frame  of  the  car,  carry  the  motor.  The  cam  shaft  is 
within  the  crank  chamber,  and  a  ratchet  device  operates  a 
lubricator  fixed  alongside  the  cylinders  for  lubricating  them  and 
the  moving  parts.  The  governor  regulates  the  petrol  supply,  the 
air  supply,  and  ignition  advance. 

The  Hautier  motor  is  one,  two,  or  four-cylinder,  the  last  named 
(Figs.  225  and  226)  consisting  of  two  groups  of  two  cylinders  of 
100  mm.  (393  in.)  bore,  with  a  piston  stroke  of  115  mm.  (45  in.) 
and  a  normal  speed  of  1,000  revolutions  per  minute ;  the  speed 
may  range  from  1,500  to  200  revolutions.     Fig.  227  shows  the  piston. 


The  mechanically  operated  admission  and  exhaust  valves  are 
identical,  therefore  interchangeable ;  the  former  are  placed  on 
the  left  and  the  latter  on  the  right  of  the  motor,  and  they  are 
actuated  by  a  similar  sot  of  cams.  Each  cam  shaft  carries  at 
its  end  a  toothed  wheel  worked  at  half-speed  by  the  distribution 
pinion  keyed  on  the  crank-shaft.  The  inlet  valve  cam  shaft  also 
carries  the  ignition  cams.  Current  is  supplied  by  a  magneto. 
However,  not  one  of  these  three  sets  of  cams — inlet,  exhaust, 
and  ignition — strikes  directly  the  spindle  it  controls.  The  ignition 
cam  G  carries  a  hammer  which  falls  suddenly  into  its  notch  at 
a  moment  varying  with  the  forward  or  backward  position  given 
it  by  the  lever.  Lubrication  is  assured  by  a  DubruUe  lubricator. 
The  piston-rod  head  has  a  kind  of  spout,  shown  separately  at  A 
(Fig,  228),  which  scoops  up  the  oil  and  carries  a  constant  supply  to  the 
cup  B,  formed  in  the  bronze  bearing  of  the  .joint,  so  that  the  crank 
pin  is  always  surrounded  by  a  film  of  oil.     This  spout  has  a  further 
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purpose  of  regularly  splashing  the  interior  of  the  piston.  The 
liquid  redescenda  in  a  circular  neck,  A  (Fig.  227),  formed  in  the 
casting,  whence  it  flows  out  through  the  holes  B ;  the  hole  for  the 
rod  connection  is  shown  at  L.  Thus  the  piston  smears  the 
cylinder  with  oil  The  pin  L  (Fig.  226)  of  the  piston  is  held  in 
place  by  a  fourth  ring,  which  assures  an  air-tight  fitting  and 
avoids  the  use  of  set  screws  with  their  lock  nuts  and  pins, 
which  sometimes  cause  serious  trouble.  In  .Figs.  225  and  226,  the 
former  being  an  elevation  on  the  inlet  valve  side,  and  the  latter 


Fig.  229.— Bbouhut  Fouu-ctlindeb  Motor. 
a  vertical  section,  A  shows  the  inlet  valves,  B  the  exhaust  valves, 
C  toothed  wheel  on  cam  shaft  D,  G  the  ignition  cam,  H  hammer, 
J  ignition   regulation  lever,  K  the  governor  acting  on  the  inlet, 
and  L  the  piston-rod  pin. 

The  Brouhot  four-cylinder  motor  is  shown  by  Fig.  229 ;  it  is 
made  in  three  principal  sizes,  15,  20,  and  40  h.p.,  and  there  is  a 
two-cylinder  motor  of  the  same  general  design  of  10  h.p.  Its  chief 
merit  is  its  simplicity  and  strength,  and  the  valves  and  parts  are 
Ciisily  accessible  by  removing  the  hood.  The  centrifugal  force 
governor  is  mounted  on  the  crank  shaft,  outside  the  casing,  and 
it  throttles  the  intake  as  clearly  illustrated.  The  cooling  water  is 
circulated  by  a  pump,  and  ignition  is  electric.  Only  the  exhaust 
valves  are  operated  mechanically. 
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The  de  Dietrich  (Turcat-Mery)  motor  may  have  either  two  or 
four    cylinders,  of  which  a  section    is  shown  by  Fig.  230.      The 
cylinders  are  in  pairs  and  are  bolted  to  an  unusually  long  crank 
chamber,  A,  which  has  a  plug,  B,  and  hand-hole,  C.     The  inlet 
valves    D    are    atmospheric,    and    ignition     low-tension    magneto. 
Water   is   circulated    by    a   pump 
chain-driven   from   the   front  end 
of  the  crank-shaft  E,  and  if  this 
should    fail,    circulation    is    auto- 
matic    on     the     thermo  -  syphon 
system.     In  Fig.  230,  F  shows  ex- 
haust valve,   G   the    exhaust    and 
ignition   cam    shaft,  H   an   oscil- 
lating   shaft    for    advancing    and 
retarding  ignition,  and  J  the  water- 
jacket,  with  cock  K. 

The  de  Dietrich-Bugatti  24  h.-p, 
four-cylinder   motor    has   its    two 
pairs  of  cylinders  each    cast    in 
one  piece,  and   each  casting  then 
is  enclosed  in  a  circular  aluminium 
casing,   A,   Fig.   231     fonning   the 
water  jacket;    inlet   valves' E,  ex- 
haust valves  D,  and  ignition  plugs 
are  in  the  cylinder  heads,  and  the 
valves  are    operated   mechanically 
by  a  earn  shaft   lying  along  each 
side  of  the  crank  chamber.     The 
rods,  whose  weight   is  taken    by 
springs  H  beneath  the  casting,  are 
shown  passing  through  A,  and  they 
serve  to  transmit  the  cam  motion 
to  the  valves.     The  bevel-geared  commutator  M  is  necessary'  for  the 
high  tension  ignition ;    mi^eto  ignition  also   is   said   to  be  fitted. 
An  automatic  governor  acts  as  usual  on  the  throttle.    The  bore  is 
114  mm.  (448  in.),  piston  stroke  130  mm,  (512  in),  and  the  speed 
ranges  between  2.50  and   1 ,400  revolutions  per  minute.     Behind  the 
honeycomb  radiator  G  is  a  belt-driven  fan.    The  water  pipes  leading 
from  the  tops  of  the  jackets  are  shown  at  C. 
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The  Watsonia  (Durkopp)  vertical  two-cylinder  motor,  shown 
in  section  by  Fig.  232,  has  two  cranks.  A,  set  opposite  one  another, 
and  made  rigid  with  three  internal  tly-wheeis,  B,  the  shell  of 
the  clutch  C,  outside  the  crank  chamber  D,  also  acting  as  a 
fly-wheel.  This  arrangenaent  gives  good  balance  and  smooth  running. 
Other  points  deserving  mention  are  as  follows:  The  cylinders  E 
are  cast  in  one  with  their  jaekets,  and  the  top  Uange  pieces  F 
are  held  down  by  tubular  fittings,  G,  into  which  fit  the  ignition 
plugs   H,   the  sparking  points   being  thus  in  a  separate   chamber, 


Fig.    231.— Db  DlETBICU-BvaATTI   ForE-CVLlSBBB'MOTOB. 

as  it  were ;  contrary  to  what  might  be  expected,  the  burnt  gases 
do  not  collect  in  these  separate  chambers  and  do  not  interfere 
with  ignition,  whilst  a  probable  advantage  is  the  absence  of  soot 
on  the  sparking  points.  The  pistons  J  and  the  forged  connecting 
rods  K  are  very  slight  The  aluminium  crank  chamber  D  is  in 
two  parts,  one  above  and  one  below  the  axis  of  the  crank  shaft. 
Keyed  to  the  crank  shaft  in  front  of  the  crank  chamber  is  a 
helical  spur-wheel,  L,  driving  the  cam  shaft  M  by  means  of 
pinion  N  and  toothed  wheel  O ;  this  gear  is  enclosed  in  a  easing, 
P,  bolted  to  the  crank  chamber,  and  on  the  casing  are  two  projecting 
studs  supporting  a  sprocket  wheel,  Q,  connected  by  chain  to  the 
starting-handle  shaft.  The  sprocket  wheel  Q  is  mounted  in  bearings 
in  a  cross  bracket,  and  eng^es  with  the  crank  shaft  only  when 
the   sliding  key  R  is  pushed  inwards,  the  key  freeing  itself  when 
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the  motor  starts.  The  larger  spur-wheel  0  carries  a  centrifugal 
force  governor,  and  the  extreme  end  of  the  cam  shaft  M  carries 
another  spur-wheel,  S,  which  through  a  shaft  works  a  special  kind 
of  rotary  pump.  The  governor  simultaneously  works  a  throttle 
■which  regulates  the  warm-air  supply  to  the  mixing  chamber  of 
the    float-feed    carburetter,    and    another    throttle    controlling    the 


Fig.  232.— Section  or  Watbobia 
(Dcbkoff)  Motob. 

passE^e  of  the  mixture  to  the  cylinders.  The  nominal  10-h.p. 
motor  gives  13  brake  h.p.  it  is  said,  whilst  the  four-cylinder  motor, 
practically  consisting  of  two  sets  each  constructed  on  this  system, 
and  therefore  containing  six  tiy-wheels  exclusive  of  the  clutch,  is 
rated  at  15  h.p.,  though  the  actual  output  is  probably  much  more. 
The  Charron,  Girardot,  and  Voigt  1902  four-cylinder  motor  has 
atmospheric  inlet  valves,  and  is  governed  automatically  by  sliding 
the  exhaust  cams  along  their  shaft  and  so  cutting  out  one  cylinder 
after  another ;  also,  an  intake  throttle  is  hand-operated.  The  lubri- 
cating pump  is  driven  through  spiral  gearing  by  the  rear  end  of 
the  uncased   exhaust   cam   shatt.     In   the   1903   motor,   both   inlet 
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and  exhaust  valves  are  operated  mechanically,  the  two  shafts  being 
encased  and  respectively  driving  the  lubricating  and  water  pumps 
through  spiral  gearing.  The  governor  is  on  the  front  end  of  the 
inlet  cam  shaft,  and  the  commutator  on  the  forward  end  of  the 
exhaust  cam  shaft. 

The   C   G.   V.   40-h.p.   eight-cylinder   motor  employs    two   car- 
buretters, and  by  its  use  it  is  hoped  to  dispense  with  change-speed 


fig.  -234.— fiuUHBT   Twu-c 

gear,  which  is  feasible  enough  if  the  engine  speed  is  low  enough 
to  take  the  car,  when  fully  loaded,  up  the  steepest  inchnes  the 
car  is,  likely  to  have  to  negotiate.  The  multiplicity  of  cylinders 
should  give  a  mora  uniform  torque,  but  the  difficulties  of  synchro- 
nising are  great,  and  additional  trouble  in  other  ways  is  given. 

Buchet  motors  have  come  well  to  the  front  during  the  last 
two  years,  largely  owing  to  their  adoption  on  the  Santos  Dumont 
airship ;  a  15-h.p.  motor  employed  for  this  purpose  weighed 
only  91  kg.  (200  lb,).  The  bicycle  air-cooled  motor  (Fig.  233)  is  of 
2J  h.p.,  and  weighs  13  kg.  (28-6  lb.),  the  fly-wheel  alone  weighing 
more  than  half  this  ;    singlo'cylinder  air-cooled    motors  are    made 
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up  to  6^  h.p.  Buchet  water-cooled  single-cylinder  motors  may 
be  anything  from  3 J  h.p.  to  9  h,p.,  and  two  cylinder  motors  are 
8J  h.p.  and  12^  kp.  The  four-cylinder  motor  is  practically 
identical  with  the  two-cylinder  motor  in  its  details,  and  may  be 
of  16,  24,  40,  or  70  h.p.  A  t3T)ical  two-cylinder  motor,  complete 
with  all  necessary  connections,  is  shown  by  Fig.  234. 

The  Belgica  one-cylinder  and  four-cylinder  motors  employ  a 
float- feed  device  to  keep  a  constant  level  of  oil  in  the  crank 
chamber,  frorii  which  the  moving  parts  of  the  motor  are  lubricated 
on  the  splash  system. 

The  Hagen  one-cylinder  motor  employed  on  the  Hagen  2*5-ton 
lurry,  built  in  Cologne,  is  of  very  substantial  construction.  Its 
normal  speed  is  only  '450  revolutions  per  minute,  and  the  cylinder 
bore  is  170  mm.  (6*69  ia)  with  a  stroke  of  200  mm.  (787  in.). 
The  half-speed  shaft  is  enclosed  in  the  crank  chamber,  and  is 
stout  enough  to  transmit  the  whole  of  the  power.  For  ignition 
there  is  a  Bosch  magneto.  The  carburetter  can  use  either  petrol 
or  alcohol  carburetted  with  20  per  cent,  of  petrol.  The  consumption 
of  petrol  is  -39  kg.  (13*7  oz.)  per  h.p.  hour.  This  quantity  is 
equivalent  to   55  L  ('968  pt.)  at  a  density  of  0*7. 

The  Belle  (Swiss)  one-cylinder  motor  is  really  a  vertical  motor, 
but  it  is  placed  at  an  angle  of  45°,  with  its  crank-shaft  lying 
transversely  across  the  front  of  the  voiturette  frame. 

The  best  known  Italian  motor  is  the  F.I.A.T.  (Fabrica  Italiana 
di  Automobili).  The  latest  type  has  four  cylinders,  and  the 
mechanically  worked  inlet  and  exhaust  valves  are  on  opposite  sides, 
their  cam  shafts  being  hollow.  There  are  the  usual  governor 
iuid  accelerator,  the  rod  of  the  latter  passing  through  the  exhaust 
cam  shaft.  The  inlet  cam  shaft  works  the  low-tension  igniters, 
the  ignition  cams  being  acted  upon  by  a  central  rod  so  as  to  vary 
the  moment  of  ignition,  the  rod  being  controlled  by  a  centrifugal 
governor  mounted  inside  a  spur-wheel  which  drives  the  magneto. 
The  governor  automatically  advances  the  moment  at  which  the 
the  igniters  break  the  .circuit  in  the  cylinders,  and  at  the  same 
time  causes  the  magneto  to  generate  the  maximum  current  at 
eorresponding  moments.  The  system  of  lubrication  is  unusual 
A  pipe  leads  from  the  bottom  of  the  dashboard  lubricator  to  the 
eirculating  water  system,  and  the  oil  floats  upon  the  water  and 
is  forced  up  by  it,  flowing  through  sight-feed  glasses  to  the  feed 
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pipes.  A  gnuge  glass  indicates  the  level  of  the  oil  and  water 
in  the  container,  and  when  all  the  oil  has  been  displaced  by  water 
this  is  drawn  off  by  means  of  a  cock. 

A  two-cylinder  motor  of  some  interest  is  employed  on  the 
Peerless  (American)  car.  Its  two  pistons  work  on  one  crank 
at  the  expense  of  mechanical  balance,  though  this  method  gives 
more  regular  ignition  than  does  the  opposite  arrangement  of  the 
cranks.     The  half-speed  shaft  carries  a  centrifugal  force  governor 


Figs,  235  and  23S.  — Sbvtions  of  Brooke  TlCBBt-CTLlNDKB  Uotug. 
Fig.  Z3T.— Brooe*  Cokmi 


from  which  a  bell  crank  lever  operates  a  double  throttle  valve 
In  the  induction  pipes. 

Examples  of  three  ■  cylinder  vertical  motors  will  now  be 
described. 

The  Brooke  three-cylinder  lO-h.p,  motor  shown  in  cross  and 
longitudinal  vertical  section  respectively  by  Figs.  235  and  236,  is 
a  British-made  motor,  introduced  in  its  present  form  last  year. 
It  has  a  transverse  position  in  the  car  (see  p.  595),  chiefly  in 
order  to  avoid  the  use  of  bevel  wheels  in  the  transmission,  and 
this  arrangement  does  not  give  room  enough  for  four  cylinders. 
The   motor   resembles    the    car    in    being    well    thought    out,  and 
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ditTering    from    Continental    practice.      Its    governor    is    a    special 
feature  of  the  novelty,  and  has  proved  its  efficiency.     The  three 
cylinders  are  cast  in  one  piece  with  their  heads,  and  this  casting 
is  bolted  to    three  aluminium  castings  forming  the  crank  chamber 
and   base.     Special  bolts  so  hold  the   lower  two   castings   that   the 
lowest  one   can    be   removed   readily   and    the    pistons    withdrawn 
or    the    crank-shaft   bearings  examined,   without  interfering    with 
the   cylinders    or    crank    shaft.     The    middle    easting  carries   two 
outside  main  bearings,  aiia   forms  two   short  intermediate  bearings 
l>etween   the   three  cranks.      Al- 
though   the    motor    is    compact, 
the  bearing  surfaces  for  the  con- 
necting rods  and   for  the  crank 
shaft    arc    ample,    a    result  ob- 
tained by  splaying  the  big  end 
bearings  of  the  outside  connect- 
ing  rods   and    placing  the'  two 
outside  crank  pins   at   a  greater 
distance     apart     than    are    their 
cylinders.      The  crank    pins   are 
set    at    an    angle    of    120"  from 
each  other.    The  fly-wheel  at  one 
end  of  the  motor  and  the  spur- 
wheel  driving  the  half-speed  shaft     pj^  238.-EaTco..tT  Isctcrios  v*lve. 
at    the  other  end    are    fixed 

rigidly  upon  the  solid  forged  crank  shaft,  which  is  coned  for 
the  purpose,  small  keys  and  lock  nuts  holding  them  in  position. 
The  exhaust  cams  are  foiged  solid  with  a  shaft  inside  the  crank 
chamber.  The  commutator  is  at  the  fly-wheel  end  of  this  cam 
shaft,  and  is  shown  separately  by  Fig.  237.  The  cams  are  so 
arranged  that  an  impulse  is  given  at  each  two-thirds  of  a  revolution. 
The  inlet  valves  are  atmospheric,  though  in  a  14-h.p.  motor  they  are 
worked  mechanically  ;  they  are  of  the  Estcourt  type  (Fig.  238) 
with  two  springs,  of  which  the  inner  one  does  not  act  until  the 
valve  is  lifted  somewhat;  the  impact  brings  the  nut  on  the  valve 
spindle  into  contact  with  this  inner  spring,  and  the  valve  returns 
to  its  sealing  quickly  and  quietly.  The  exhaust  passive  communi- 
cating with  the  valves  passes  right  through  the  three-cylinder 
casting  from  end   to  end  of  the  motor,  at  one  end  having  a  pipe 
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connection  to  the  muffler,  and  at  the  other  end  a  connection  to 
the  special  governor  described  below.  The  pistons  are  very  long, 
but  of  thin  light  metal,  and  have  ordinary  cast-iron  rings.  The 
motor  is  fixed  to  the  frame  by  drop  brackets  cast  solid  with 
one  of  the  crank  chamber  castings.  The  cylinder  bore  is  90  ram. 
(3'54  in.)  and  the  piston  stroke  120  mm.  (472  in.),  and  10  h.p. 
is  developed  at  a  speed  of  750  revolutions  per  minute. 

The  Brooke  governor  is  shown  in  section  and  end  view  by 
Figs.  230  and  240.  It  acts  by  throttling  the  supply  pipe,  between 
an  ordinary  float-feed  carburetter  and  the  inlet  valves,  and  it 
is  controlled  by  the  pressure  of  the  exhaust  gases  in  the  pipe 
connection   referred   to  above.      Naturally,   the   volume   of  exhaust 
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Figa.  339  and  240. — Bbooeb  EiHiusT-coNTsoLLgD  Thbuttlg. 

gases,  and  therefore  their  pressure,  must  increase  with  the  speed 
of  the  motor.  A  branch  pipe.  A,  connects  the  motor  exhaust 
with  the  chamber  B,  whose  exit  is  needle-controlled  at  C;  at 
one  end  of  the  chamber  is  a  small  piston,  D,  sliding  in  a  short 
cylinder,  and  normally  held  on  its  seat  by  spring  E,  whose  com- 
pression is  adjusted  by  screw  and  lock  nut.  The  entrance  to 
chamber  B  is  controlled  by  a  check  valve,  F,  and  this  ^ain  is 
held  on  its  seat  by  a  spring  as  shown.  To  adjust  the  relative 
pressure  in  the  governor  chamber  B,  either  the  supply  of  exhaust 
gases  entering  at  A  can  bo  adjusted  by  the  nut  G,  which  regulates  the 
check  valve,  or  the  rate  at  which  the  gases  escape  from  chamber  B 
through  holes  H  and  needle-valve  C  cau  be  varied  by  the  milled 
bead  J  ;  actually  the  stem  of  this  needle-valve  projects  for  a 
distance  equal  to  the  diameter  of  the  chamber.  It  will  be  seen 
that  the  displacement  of  piston  I>  depends  on  the  pressure  within  the 
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chamber,  and  on  the  tension  of  spring  E.  The  piston  is  directly 
connected  with  a  piston  throttle  valve,  K,  which  regulates  the 
passage  of  the  explosive  mixture  which  passes  from  the  entrance 
L  to  exit  M.  A  guide  carries  the  piston  rod,  and  prevents  the 
exliaust  gases  from  leaking  into  the  explosive  mixture. 

The    Toledo    (American)    three-cylinder    motor    is    shown    in 


Fig.  241. — Sbction  of 
Toledo  Threb  - 
CYLINDER  Motor. 


vertical  section  by  Fig.  241,  which  shows  the  angle  of  120^  which 
the  cranks  make  with  each  other.  The  power  is  16  h.p.,  and 
the  cylinder  bore  is  114*3  mm.  (4*5  in.)  and  the  piston  stroke 
140  mm.  (5*5  in.).  The  mechanically  operated  inlet  and  exhaust 
valves  are  on  the  left  side  of  the  motor ;  there  is  but  one  mixture 
supply  pipe  and  this  branches  to  each  cylinder,  but  there  is  a 
separate  exhaust  pipe  to  each.  For  ignition  there  are  accumulators 
and  an  Apple  (American)  dynamo,  which  is  a  small  four-pole 
enclosed  machine  having  a  centrifugal  governor  which  regulates 
a   firiction  clutch  on  its  shaft,  so  that  when  the  motor  speed  gets 
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too  high  the  dynamo  armature  slips;  this  prevents  the  dynamo 
overcharging  the  accumulators.  Other  details  of  the  motor  are 
much  as  usuaL  Fig.  241  shows  a  vertical  section  of  the  third 
cylinder,  the  same  of  the  second  cylinder  valve  chamber,  and 
part  of  the  first  cylinder  in  elevation.  Much  in  this  figure  is 
self-evident,   but    a   few    details    may    be    referred   to.      B  is   the 


Fig.  242. — ^Fkont  Elevation  and  Section  of  Maudslay  Thker-cylinder  Motor. 

piston  with  connecting  rod,  C  the  water  jacket,  I)  inlet  tube 
from  carburetter  E,  F  is  the  throttle  valve  chamber,  G  the  throttle 
operating  mechanism,  H  the  exhaust  pipe,  J  the  cam  shaft,  operating 
both  inlet  and  exhaust ''cams,  and  K  the  valve  cover. 

The  Maudslay  25  h.-p.  vertical  motor  has  three  cylinders  cast  in 
one  with  their  water-jackets,  both  bore  and  stroke  being  127  mm. 
(5  in.),  and  the  speed  800  revolutions  per  minute.  Fig.  242  is  a  front 
elevation,  Fig.  243  an  end  elevation  with  cam  shaft  casing   thrown 
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back,  and  Fig.  244  a  vertical  cross  section  The  inlet  and  exbaust 
valves  Q  Q',  both  mechanically  operated,  are  placed  in  the  heads 
above  the  pistons,  and  the  cam  shaft  operating  the  exhaust  valves  is 
placed  in  a  longitudinal  casing  above  the  cylinder  heads,  this  being 
unique.  The  cam  shaft  A  goes  the  whole  length  of  the  motor,  and  is 
operated  by  skew  gears,  B,  on  crank  shaft  and  cam  shaft,  through  a 


Fig*.  243  and  24*.— Esd  Elevation  asu  Sbctioh  of  Maedslav  Motoh. 

vertical  shaft,  C,  carrying  throttle  governor,  D.  The  rear  end  of  the 
<;ani  shaft  carries  the  contact  breaker,  which  is  thus  very  easy  of 
aecesa.  but  high  enough  to  avoid  dust.  The  cam  boxes  E  have 
inspection  lids.  Pistons,  F,  aro  trunk  type  as  usual,  and  the  crank- 
shaft O,  with  pins  at  angles  of  120"  with  each  other,  is  carried  in  four 
IxjaringR,  and  has  an  oil  passage  through  its  centre,  there  being  a 
similar  pa.ssage,  H,  in  the  forged  and  turned  connecting  rods.  A 
THitnp,  driven  by  the  forward  end  of  the  crnnk-sliaft  by  worm  gearing. 
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forces  oil  through  these  passages,  and  by  means  of  oil  holes  in  the 
crank  shaft,  the  bearings,  crank  pins  and  gudgeons  are  lubricated. 
Two  large  inspection  lids,  J,  are  fitted  to  the  side  of  the  crank 
chamber,  and  others,  K,are  at  the  bottom.  From  the  spray  carburetter 
L,  the  intake  pipe  M  (containing  a  governor-operated  throttle,  X) 
goes  to  the  induction  chamber  O.  The  throttle  N  is  a  movable  disc 
containing  holes  corresponding  with  holes  in  the  fixed  plate  that 
forms  the  end  of  the  induction  chamber.  The  exhaust  pipe  P  leads 
to  a  silencer  at  the  back  of  the  car.  To  relieve  compression  at 
J  starting  a  small  cam  on  the  crank  shaft  is  operated,  by  a  lever,  and 
slightly  opens  the  exhaust  valve  Q\  so  allowing  some  of  the  gases  to 
escape.  The  casing  R,  containing  the  cam  shaft,  is  hinged  at  S,  and 
clamped  by  a  nut  at  T ;  so,  to  examine  the  valves,  the  casing  R  is 
easily  swung  over  into  the  position  represented  by  Fig.  243.  To  allow 
of  this  the  vertical  shaft  C  has  a  universal  joint  at  U. 

The  Fischer  motor,  direct-coupled  to  a  dynamo,  on  a  petrol- 
electric  omnibus  {see  p.  740)  has  three  vertical  cylinders  bolted  to  a 
cast-iron  crank  chamber ;  the  cranks  are  set  at  120"  to  each  other. 
Their  bore  is  120  mm.  (4'75  in.)  and  the  piston  stroke  140  mm. 
(5"5  in.).  Ignition  is  high  tension  electric,  and  the  commutator 
is  driven  by  bevel  gear  from  the  cam  shaft ;  the  contact  springs 
are  carried  in  a  case  which  is  free  to  rock  about  its  axis  and 
so  vary  the  moment  of  ignition  in  much  the  usual  way.  The 
crank  cheeks  have  counter  weights.  A  float-feed  spray  car- 
buretter is  used.  A  pump  is  driven  by  a  wooden  connecting  rod 
from  a  crank  pin  on  the  end  of  the  cam  shaft,  and  circulates 
the  motor  jacket  water  through  a  horizontal  radiator  underneath 
the  vehicle.  At  a  normal  speed  of  600  revolutions,  the  power 
is  10  btake  h.p.     The  motor  drives  a  5-kilowatt  dynamo. 

The  motor  employed  in  the  same  manner  on  the  Fischer 
lurry  has  four  horizontal  cylinders  of  the  balanced  type,  the  crank 
shaft  being  coupled  direct  to  a  9-kilowatt  dynamo;  the  cylinder 
bore  is   14  cm.  (5  5  in.),  and  piston  stroke  15  24  cut  (6  in.). 

The  Duryea  three-cylinder  motor  is  described  on  p.  655. 

The  Packard  (American)  motor  is  almost  alone  in  being  of  high 
power  (12  brake  h.p.)  and  yet  having  only  one  cylinder.  The  water 
jacket  is  of  thin  copper,  and  the  cylinder,  head,  and  crank  chaail>er 
form  one  casting.  For  1903,  however,  has  been  introduced  a 
25  brake  h.p.   motor,  with  four  cylinders  cast  separately  from  the 
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water  jacket,  which,  like  the  crank  chamber,  is  of  aluminium  alloy. 
The  cylinder  bore  is  102  mm.  (i  in.)  and  the  stroke  127  mm,  (5  in.), 
the  speed  being  1,000  revolutions  per  minute.  This  motor  is 
shown  in  Figs.  086  and  687,  p.  639. 

The  Gillet-Forest  horizontal  one-cylinder  motor  contains  some 


Fig*.  2tb  and  248 Sectiuhs  of  (riLLET-FoitEi 

novel  departures  from  usual  practica  7  h.p.  and  10  h.p.  motors 
are  the  standard  sizes,  and  the  fonner  has  a  cylinder  bore  of 
about  127  mm.  (5  in.)  and  a  piston  stroke  of  140  mm.  (5-5  in ), 
its  normal  speed  being  700  revolutions  per  minute  and  its  top 
speed  1,000  revolutions,  at  which  it  gives  about  85  h.p.  The 
cylinder  A  (Figs.  245  and  24C),  jacket  B,  and  head  are  one  casting, 
and  the  rylinder  mouth  registers  into,  and  is  bolted  to,  the  alu- 
miniimi  crank  chainber  C.  The  atmospheric  inlet  valve  D  and  the 
exhaust  valve   E  are  got  at  by  removing  a  nut  and  the  bridge  F. 
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The   exhaiist    valve   spindle  projects    down   through    the    cylinder 
and  is  operated  by  a  rocking  arm,  actuated  by  a  cam  shaft  as 
will  be  described.    The  crank  chamber  C  encloses  the  transverse 
crank   shaft  G,  and   a   longitudinal  shaft   H,   driven   at   half-speed 
from   the  former  through  bevel  gear,  J   K.      The  crank  shaft  has 
a  fly-wheel,  L.     At  one  end  of  the  half-speed  shaft  H  is  the  driving 
clutch   M,  and  in  the   other  direction  it  forms  the   cam  shaft;   N 
is   a   long,  tapered,  sliding  cam,  operating   the  lever  arm  P  of  the 
rocking    shaft    Q.       At   the    extreme   end,  the   rocking    shaft,   bv 
means  of  another    lever  arm,  actuates   the   exhaust  valve   spindle 
which   projects,   as    has   been   said, 
right   through    the    cylinder    head. 
The    rocking    shaft    can     be     shd 
lengthwise  in  its  bearings  by  means 
of  a  lever  near  the  driver's  hand ; 
the  end  of  this  lever  R  has  a  long 
foot   S.      The   centrifugal  force 
governor    T    acts    by    sliding     the 
tapered    cam    towards    itself   when 
the  speed  increases,  the  ntovement 
of  rocking    shaft  Q    being    corre- 
spondingly  reduc'ed.      There   is   an 
ingenious  arrangement   for  starting 
the  motor.      The  starting  handle  is 
Fig.  247.— Mebs  HoKi7.oNTii,  Motob.     placed  on  the  spindle  U  of  a  nor- 
mally  idle   shaft,  geared    by  spur- 
wheels  with   the   shaft  V,  jointed   to    half-speed   shaft   H  at   Y,  a 
one-way    clutch    being    interposed   between    the    spindle    and     its 
spur-wheel ;    the  commutator  \V  on   the   half-speed   shaft  immedi- 
ately below  the   starting   spindle   is  so   arranged   that   Ihe   spindle 
cannot  engage  with  its  spur-wheel  until  ignition   has  been  set  to 
occur  at  its  latest  point.     The  ignition  plug  is  shown  at  X. 

The  Mees  petrol  motor,  used  on  the  larger  cars  constructed  on  the 
Gustav  Mees  system,  is  shown  in  longitudinal  sectional  elevation  by 
Fig.  247.  It  is  of  the  so-called  balanced  type  and  consists  of  a  single 
horizontal  cylinder  in  which  are  two  pistons,  the  central  space  in  the 
cylinder  between  the  pistons  forming  the  combustion  chamber.  The 
power  is  transmitted  to  the  main  shafting,  which  is  immediately 
below  the  centre  of  the  cylinder,  by  means  of  rocking  beams  and  con- 
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necting  rods  as  shown  by  Fig.  247  ;  and  thus  there  are  equal  weights 
always   at    equal    distances   from    the    axis    of   symmetry,   and    a 
theoretically  nearly  perfect  balance  is  obtained.     The  motor  fly-wheel 
is  veiy  heavy  so  as  to  give  a  quiet,  even  movement.     The  motor  " 
appears  to  be  simple,  and  its  working  parts  are  well  balanced. 

The  Lanchester  two-cylinder  horizontal  balanced  motor  has  its 
leading  principle  made  clear  by  Fig.  248  and  249,  but  it  is  a  construc- 
tion highly  developed  on  somewhat  original  lines,  of  which  only  an 
indication  can  be  given  here.    The  two  pistons  and  connecting  rod 


Fig.  24S. — Lanchbbtxr  Horizontal  Motor. 

link-work  have  their  common  centre  of  gi-avity  about  half-way 
between  the  two  crank  pins,  which  revolve  in  opposite  directions; 
thus  the  centre  of  gravity  of  the  moving  parts  moves  to  and  fro 
along  the  axial  line  of  the  cylinders.  To  diminish  vibration,  there 
are  two  balance  weights  as  .shown,  revolving  in  opposite  directions. 
To  take  up  the  recoil  of  the  impulse,  the  two  fly-wheels,  identical 
in  all  respects  also,  revolve  in  opposite  directions.  The  cooling 
by  forced  draught  is  described  on  p.  196.  The  ingenious  valve 
gear  is  shown  by  Figa.  250  and  251.  Practically,  one  mechanically 
operated  valve  on  each  cylinder  work-s  both  Inlet  and  exhaust, 
though  there  are  actually  two  valves.  A  is  the  motor  cylinder 
|x)rt,  B  the  exhaust  port.  C  the  feed  port  for  the  wick  carburetter 
connection  («*■(!  p.  llfi),  D  the  main  valve  operate<l  by  a  lever 
worked  off  the  cam  shaft,  and  E  E'   the  combined  feed-exhaust 
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valve,  operated  by  another  lever  through  the  medium  of  an  inertia 
governor,  which,  until  a  certain  speed  is  reached,  allows  its  blade 
to  engage  with  the  end  of  the  valve  stem,  the  "  catch  plate."  This 
allow*  the  admission  of  a  fresh  charge,  but  above  a  certain  speed 
the  governor  does  not  act  upon  the  spindle  and  the  supply  of  gas 
is  stopped  until  the  speed  is  reduced.  E,  Fig.  250,  shows  the 
period  of  exhaust,  the  arrows  representing  the  gases  leaving  the 
cylinder;  E',  Fig.  251,  shows  the  period  of  induction,  the  an-ows 
representing  the  ingoing  charge.  Ignition  is  low-tension,  the 
current  being  furnished  by  a  magneto,  which,  together  with  the 
scheme  of  the  electrical   connection.^,  is  shown   by   Fig.  252.      The 


Fig.  '240. — DuoiiAu  oy  Lamchbsteu  Uiirizuktal  Uutuh. 

magneto  is  built  into  one  of  the  fly-wheels,  a  neat  and  economical 
arrangement.  The  ignition  plug  is  of  quite  a  special  kind,  its 
form  being  shown  roughly  in  Fig.  252.  Lubrication  is  ven,- 
thorough ;  tubes  conduct  the  oil  to  the  various  parts  in  quantities 
mea.siired  by  means  of  pockets  in  the  lubricator  spindle,  which  is 
driven  through  an  intermediate  shaft  by  means  of  worm  gearing. 
Further  details  of  ignition,  etc,  are  given  on  pp.  (i7G  to  6S3. 

The  Bardon  motor  is  made  in  three  sizes,  12  h.p.  two-cylinder 
and  H  h.p.  and  5  h.p.  one  cylinder.  The  12  h.p.  car  is  illustrated 
by  Figs.  715  and  710,  p.  66(>  and  the  following  letters  have  reference 
to  those  illustrations.  The  motor  A  is  placed  transverselj'.  and 
each  of  its  two  cylinders  contains  two  pistons,  thus  forming 
actually   four  cylinders,  with   two  combustion   chambers.     There  is 
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an  enclosed  crank  shaft  at  each  side  of  the  car.  A  fiy-wbeel,  B, 
is  on  each  side  of  each  crank  chamber,  C,  and  one  of  tbe  four 
fly-wheels  carries  the  centrifugal  force  governor  D,  which  cuts 
out  one  or  both  of  the  exhaust  valves  as  the  motor  speed  increases- 
The  front  fly-wheel  to  the  left  carries  a  chain  wheel  connected  with 
a  sprocket  on  tbe  starting  handle  shaft,  E.  Tho  crank-shafts  are 
shown  at  F,  Tbe  inlet  valves  arc  close  together  above  and  in  the 
centre,  the  ignition  plugs  are  one  before  and  one  behind  them ; 
a  new  motor  has  mechanically  operated  valves,  Tbe  vertical 
exhaust  valves  are  on  the  outaides  of  tbe  cylinders.  The  inlet 
valves  are  taken  out  by  removing  two  nuts  and  lifting  out  a 
flange  having '  a    downward    projecting    sleeve,    and    the   exhaust 


Fig*.  250  and  2al. — Lanchebter  Valvb  :   I'oslTlONS  for  Exhaust  and  Admissio!'. 

valves  by  removing  two  nuts  and  lilting  out  tbe  complete  flanged 
valve.  Tbe  cam  shaft  lies  across  the  top  of  the  motor,  and  is 
driven  by  lai^e  spur-wheels  on  the  right-band  crank-shaft:  it 
carries  an  exhaust  cam  at  each  end  and  the  enclosed  electric 
ignition  comTniitator  at  its  centre,  the  cams  operating  their  valves 
through  rocking  -shafts.  Spring  brushes  press  upon  tho  commutator 
and  can  be  rocked  about  the  cam  shaft  for  advancing  or  retarding 
ignition ;  a  double  coil  with  tremblers  is  used  in  connection  with 
the  ignition  plugs.  A  ])ubru]le  lubricator  on  the  dashboard  is 
belt-driven  from  tbe  left-hand  crank-shaft,  and  supplies  oil  to  all 
the  motor  l>earing3,  and  tbe  crank  chambers  C  have  oil-tight 
covers.  The  Ikrdon  8  h.p.  single-cylinder  motor  has  the  same 
general  features,  but  the  new  5  h.p.  single-cylinder  motor  is  placed 
loDgitudinally,  not  transversely,  and  the  two  crank-sliafts,  worked 
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by   the  two  pistons,  are  interconnected  through   bevel  gearing  by 
a  first-motion  shaft  of  the  change-speed  gear. 

The  James  and  Brown  two-cylinder  horizontal  motor  has  its 
cylinders  cast  in  one,  the  fly-wheel  being  between  them.  The  valves 
are  opposite  to  each  other,  and  at  right  angles  to  the  centre  line  of 
cylinders.  The  motor  forms  one  piece  of  mechanism  with  the  trans- 
mission gear,  and  the  distribution  of  the  parts  is  decidedly  novel,  as 
made  clear  by  Fig.  419,  p.  414,  which  shows  both  motor  and  trans- 
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Fig.  252. — Lancuesteu  I^Iaoxeto  Ignition  System. 

mission.  With  a  bore  of  101*6  mm.  (4  in.),  stroke  of  152*4  mm. 
(6  in.),  and  a  speed  of  500  revolutions  per  minute,  the  power  is  9  h.p. 
The  Hermes  15  h.p.  horizontal  two-cylinder  motor,  shown  in 
section  by  Figs.  253  and  254,  has  a  bore  and  stroke  of  5  in.  and  5^  in. 
respectively  ;  the  cylinders  not  being  quite  in  line  ^rith  one  another, 
straight  connecting  rods.  A,  may  bo  employed.  The  cranks  are  set  at 
an  angle  of  180"^,  and  the  normal  speed  is  750  revolutions  per  minute. 
An  ordinary  float  feed  spray  carburetter,  B,  is  used,  and  the  high 
tension  ignition  system  has  double  pole  sparking  plugs,  C.  The  inlet 
valves  D  and  exhaust  valves  E  are  placed  at  the  top  and  bottom  of 
the  cylinders  respectively,   there  being  no  pockets  formed  to  give 
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unnecessarj-  clearance.  The  jackets  F  are  cast  in-  one  piece  with  the 
C3'tinder,  and  are  so  formed  that  the  largest  body  of  water  is  around 
the  combustion  chamber.  The  water  circulation  is  maintained  by  a 
positive  gear-driven  pump.  In  Figs.  253  and  254  G  is  the  flywheel, 
H  the  clutch,  J  two-to-one  pinion,  K  the  intermediate  wheel,  L 
the  two-to-one  wheels  for  the  exhaust  valve  gear,  U  the  exhaust  valve 
rocking  levers,  N  oiling .  rings  for  crank  pins,  and  O  water  outlet.     In 


Figa.  253  and  254. — Elivation,  Plin 


Fig.  254,  P  is  a  part  of  the  cliannel-steel  main  frame,  and  Q  shows  the 
cross  tubes  which  carry  the  motor  and  gear. 

The  Albion  two-cylinder  balanced  motor  is  Gla,sgow-built,  and 
its  general  design  is  novel,  as  shown  by  Fig.  254,  which  is  a 
general  view  of  the  8  h.p.  type.  The  cylinder  covers,  containing 
the  atmospheric  tnlet  valves,  are  not  water-jacketed,  but  the 
exhaust  valves  are.  Cast  in  one  piece  with  the  crank  chamber 
is  a  lower  chamber  containing  the  tran.smission  gear.  An  inertia 
tj-pe  governor   inside  the  crank  chamber  acts  on  the  inlet,  and 
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is  connected    to  the  accelerator,  which  permits  the  speed  to  be 

increased  from  the  normal  700  revolutions  to  1,000  revolutions 
per  minuta  Current  for 
the  electric  ignition  comes 
solely  from  an  Albion 
magneto  (Fig.  2  5  5) 
mounted  directly  on  the 
motor  shaft.  A  10  h.p. 
motor  of  this  type  also  is 
made;  the  Albion  12  h.p. 
motor  is  the  same  as  the 
above  in  general  features, 
but  the  inlet  valves  are 
operated  mechanically,  and 
Fig.  255.— Albion  Motob  and  Maoneto.  a  Murray  Centrifugal  force 

governor    replaces    the 

inertia   governor  and   accompanying   gear;    this   allows  a  range  of 

speed  of  from  250  to  950  revolutions  per  minute. 

The   Meredith    two-cylinder   motor   is   horizontal,   the    cylinders 


Fig.  iaO.— Tl'BOAN   AND   Fi>v    Pbtmoc,   Motob. 

being  nearly  in  line  with  each  other ;  the  crank  chamber  is  between 
them.  The  half-speed  shaft  operates  the  exhaust  valves  and 
the  ignition  commutator,  and  the  inlet  valves  are  atmospheric. 
A  de  Dion-HoiHon  carburetter  is  employed.      The    cylinder  bore 
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is  1143  mm.  (45  in.)  and  the  piston  stroke  127  mm.  (5  in.),  foid 
10  brake  h.p.  is  given  at  a  normal  speed  of  700  revolutions  per 
minute. 

The  Turgan  and  Foy  two-cylinder  motor  for  ears  and  voiturettes 
is  shown  iij  section  by  Fig.  256,  and  the  object  of  the  peeuHar  con- 
struction is  to  obtain  improved  balancing.  Each  piston  works  upon 
a  separate  crank-shaft,  but  both  of  the  crank-shafts  gear  with  a 
common  central  shaft,  which  they  drive  at  half  their  oivn  speed. 
In  both  the  belt-driven  and  chain-driven  petrol  cars  produced  by  the 
above  firm  the  motor  hes  transversely  across  the  front. 


The  Henroid  motor  (Fig.  257)  has  two  horizontal  opposite  cylin- 
ders, whose  pistons  act  on  cranks  keyed  at  180°  on  the  motor  shaft 
between  them ;  the  two  move  inversely,  and  equilibrate  each  other. 
The  iulet  and  exhaust  valves  form  a  distinct  part  from  the  cylinder. 
The  carburetter  is  of  the  distributor  kind,  as  described  on  p.  138, 
and  only  at  the  instant  of  compression  produced  by  the  piston  in 
each  cylinder  is  the  earburetted  mixture  completed  and  made  fully 
explosive.  Cooling  is  obtained  merely  by  special  tlanges,  and  the 
makers  say  that  this  sufhces  for  their  various  motors,  which  range 
from  2  h.p.  to  10  h.p.  Ignition  is  electric ;  and  the  motor  is 
regulated  by  keeping  the  exhaust  valves  open  when  the  motor 
tends  to  race. 

The  Friedman  (American)   motor   has  two  horizontal  cylinders, 
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bore  9525  mm.  (375  in.)  and  stroke  lOlO  mm.  (4  in.),  the  speed 
of  l.ODO  revolutions  giving  7  brake  h.p.  The  cylinders  are  in  line 
with  each  other,  and  the  connecting  rods  are  straddled  The  fly- 
wheel is  the  special  feature,  this  having  its  front  surface  plated 
thickly  with  copper  and  driving  a  friction-wheel;  transmissions  of 
this  kind,  which  are  of  doubtful  efficiency  though  presumably  giving 
great  elasticity  in  speed,  are  described  on  p.  420.  This  motor  has 
mechanically  operated  inlet  valves,  and  its  carburetter  is  described 
on  p.  117,  and  its  exhaust  silencer  on  p.  204. 


The  Wilson  and  Pilcher  petrol  motor  is  of  the  four-cylinder 
balanced  type  (see  Fig.  258),  the  12  brake  h.p.  size  having  cylinders 
of  89  mm.  (3-5  in.)  bore  and  9525  mm.  {37o  in.)  stroke.  This  is 
one  of  the  most  silent  motors  yet  produced,  and  its  details  are 
interesting.  The  special  piston  ring  used  is  shown  by  Fig.  259 ;  a 
portion  of  the  ring  A,  close  to  the  usual  split  B,  is  cut  away,  and 
a  tongue  piece,  C,  has  a  projection,  D,  fitting  loosely  in  the  slot 
formed  in  the  ring  and  serving  to  break  the  usual  joint  The 
tongue  piece  C  lies  in  a  somewhat  deepened  portion  of  the  groove 
of  the  piston  itself,  and  tits  between  it  and  the  ring:  a  tooth,  F, 
lies  in  a  deeper  cavity,  and  prevents  the  ring  moving  round  the 
periphery  of  the   pistoa      This  device  reduces  the  leakage   of  the 
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charge  past  the  piston.  An  ingenious  form  of  commutator  also  is 
employed.  The  atmospheric  inlet  valves  employed  are  shown  by 
Fig.  260.  The  spring  A  is  so  wound,  and  the  pin  (passing  through 
hole  B)  which  secures  the  nut  C  in  place  on  the  valve  spindle  I) 
is  so  arranged,  that  the  pin  cannot  be  shaken  out.  The  spindle 
has  a  special  shape  of  screw  thread  to  resist  the  tapping  action 
always  present 

The  Ader  motor  is  somewhat  of  a  return  to  an  early  Daimler  de- 
sign :  its  cylinders,  two  or  four,  are  set  at  45°  from  the  upright,  that  is 
at  !>0'  to  each  other  (secFig.  261),  which  shows  the  two-cylinder  type. 


This  is  an  interesting  motor,  and  the  section.  Fig,  262,  shows  it 
<r:learly.  The  pistons  A  have  connecting  rods  B,  both  working  on 
the  one  crank  pin  C,  secured  to  fly-wheels  D,  which  are  mounted, 
one  each  side,  on  the  motor  shaft  E.  Cam  H  actuates  the  spindle 
of  exhaust  valve  K,  whilst  the  inlet  valve  L  is  atmospheric,  I 
is  the  ignition  cam,  and  M  the  ignition  plugs,  forming  a  right 
angle  with  the  cylinders.  A  water  circulating  pump,  N,  i.s  driven 
l)y  the  spur-wheel  0  on  the  motor  shaft,  and  there  is  an  oil  pump, 
not  shown.  The  charge  arrives  at  S,  and  the  exhaust  leaves  at  T, 
and  an  inspection  plate,  P,  is  provided  over  the  valves.  The  com- 
bustion chamber  and  top  part  of  the  cylinder  are  water-cooled.  A 
governor  actuates  a  throttle  much  as  usual.  The  four-ry Under 
type   is  newer,   but  does   not  differ  much   from  this.     The   biggest 
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two-cylinder  motor  made  has  a  bore  and  stroke  of  100  inra. 
(3937  in.),  a  weight  of  95  kg.  (209  lb.)  and  develops  from  10 
to  12  h.p. ;  the  biggest  four-cylinder  motor  made  has  the  same 
bore  and  stroke,  weighs  175  kg.  (385  lb.),  and  gives  about  24  h.p. 

The  two  cylinders  of  the  Cottereau  7  h,p.  and  10  h.p.  motors 
also  are  inclined  to  each  other,  but  the  angle  between  them  is  only 


half  what  it  is  in  the  Ader  motor.  The  piston  rods  are  connected 
to  the  same  crank-pin  between  two  internal  fly-wheels,  and  there  is 
the  usual  external  fly-wheel  clutch.  The  suction  stmke  of  one 
cylinder  synchronises  with  the  combustion  or  working  stroke  in  the 
other,  and  this  tlieoretically  is  very  efBcient,  as  the  power  is  applied 
to  the  crank  .shaft  from  one  cylinder  just  as  the  negative  work 
in  the  other  one  is  being  done.  In  the  7  brake  h.p.  motor,  the 
bore  is  85  mm.  (3-34  in.)  and  the  stroke  105  mm.  (413  in.) ;  these 
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are  90  mm.  (854  ia)  and  110  mm.  (433  in.)  respectively  in  the 
10  brake  h.p.  motor.  The  speed  of  both  is  1,200  revolutions  per 
minute.  The  Cottereau  16  brake  h.p.  motor  has  four  vertical 
cylinders,  bore  92  mm.  (3*62  in.),  and  stroke  120  mm.  (4*72  in.), 
the  speed  being  900  revolutions  per  minute. 

Petroleum  motors  require  to  be  designed  with  a  view  of 
overcoming  at  least  three  disadvantages — the  tendency  of  heavy 
oil  vapour  to  recondense  between  the  moment  it  leaves  the 
carburetter  and  the  moment  of  ignition,  the  probability  of  the 
oil  being  only  pulverised  and  not  vaporised,  and  the  risk  of 
incomplete  combustion  producing  a  smoky  exhaust  of  very  bad 
odour  ;  add  to  these  disadvantages  the  reduced  range  permissible 
in  the  proportions  of  the  charge.  If  the  first  three  can  be 
surmounted,  there  will  be  available  a  motive  agent  cheaper,  more 
easily  obtained,  in  some  respects  safer  (though  petrol  spirit  is 
safe  enough  with  ordinary  care),  and  of  greater  heat  value  than 
petrol. 

The  Roots  petroleum  motor  is  shown  in  sectional  elevation  by 
Fig.  263  and  in  horizontal  section  by  Fig.  264.  Its  chief  feature 
is  the  paraffin  vaporising  device  which  forms  part  of  it.  A  platinum 
ignition  tube,  A,  is  enclosed  in  a  vaporiser,  B,  and  both  at  starting 
are  heated  by  a  blow  lamp  and  afterwards  kept  hot  by  an  oil 
Bunsen  burner.  The  vaporiser  is  a  gun-metal  cyUnder,  with  spiral 
passages  in  its  walls,  through  which  the  air  passes  to  the  auto- 
matic inlet  valve  C.  A  grooved  rocking  valve  rod  D  conveys 
oil  from  the  supply-pipe  both  into  the  hot  air  passage  and  to  a 
burner  E;  thus  the  quantity  of  oil  is  positively  measured.  The 
oil  for  the  burner  passes  down  a  feed  pipe,  F,  in  which  it  becomes 
heated  on  its  way  to  the  burner.  Air  (at  a  pressure  of  about 
•7  kg.  per  cm,-;  10  lb.  per  sq.  in.)  from  a  chamber,  G,  near  the 
crank  chamber,  flows  through  the  feed  pipe  H  and  maintains 
the  necessary  flame  for  heating  the  tube  and  vaporiser.  A  supple- 
mental air  valve  leads  direct  into  the  cylinder  end.  The  pressure 
in  the  air  chamber,  which  has  a  blow-off  valve,  is  maintained 
from  the  closed-in  crank  chamber,  there  being  a  non-return  valve 
between  the  two.  The  cooling  water  for  the  cylinder  jacket  circu- 
lates through  a  coil  of  piping,  J,  surrounding  the  fly-wheel  K,  and  in 
the  Roots  runabout  there  is  also  a  radiator  between  the  front  wheels. 
A   governor   acts   on    the  reciprocating  mechanism  supplying  the 
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oil,   but  always  allows   a  little   to  pass  so   as  to  minimise  the  risk 
of  a  miss-fire  when  the  governor  ceases  to  acL 

The  Koch   motor    is    another   of    those   that  can    be   fed  with 


Figa.  263  and  264.— Sbctiokb  op  Roots  Petbolbcm  Uotob. 

petroleum,  as  well  as  with  petrol  spirit.  In  the  horizontal  cylinder 
two  pistons  work  symmetrieally  in  opposite  directions  and  drive 
the  motor  shaft  by  aid  of  two  systems  of  connecting  rods  (see  Figs. 
265  and  26<i) ;  when  these  rods  arc  balanced  all  other  parts  ara 
The  maker  asserts  that  this  motor  docs  not  cause  vibration.    The 
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petrol  spirit  or  petroleum  arrives  with  the  air  in  the  explosion 
chamber,  where  the  two  are  mixed  without  any  carburetter.  Figs. 
265  anil  266  are  longitudinal  and  cross  sections  of  the  Koch  motor. 
A  sii^Ie  water-jacketed  cylinder  A  is  placed  transversely  in  the  rear 


Figs,  265  aud  366,— Sictionb  op  Koch  Petbolgim  Motor. 

part  of  the  vehicle,  and  is  mounted  on  the  framing  B,  supported  by 
O.  The  two  pistons  D  are  connected  by  rods  E  to  the  rocking 
levers  F,  which  are  mounted  on  gudgeons  G,  The  rocking 
levers  are  connected  to  the  crank  H  by  the  connecting  rods  J. 
The  space  between  the  pistons,  when  at  the  end  of  their  instroke, 
forms  the  expanding  or  explosion  chamber,  the  igniting  chamber 
K  being  shown  to  the  right  of  the  cylinder  A  in  Fig.  265,  in  which 
s  2 
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L  shows  the  admission  valve,  which  is  worked  by  the  rocking  lever 
M,  pivoted  at  N.  O  is  the  exhaust  valve.  By  means  of  pinions, 
the  shaft  P  is  made  to  revolve  at, half  the  speed  of  the  main  shaft. 
One  of  the  cams  on  the  shaft  P  works  the  exhaust  valve  0,  and 
the  other  works  the  rod  or  stem  Q,  which  normally  engages  with 
the  end  of  lever  M.  On  the  suction  or  aspiration  stroke  the  rod  Q 
lifts,  and  the  other  end  of  M  depresses  R,  thus  opening  the  valve 
L,  which  admits  air  and  a  few  drops  of  petroleunL  The  chamber 
surrounding  L  is  heated  by  a  lamp  (not  shown)  placed  near  S, 
this  lamp  keeping  the  ignition  tube  T  incandescent.  The  petroleum 
is  vaporised,  and  the  explosive  charge  ignited  on  the  completion 
of  the  compression  stroke.  Thus,  there  is  no  carburetter.  Govern- 
ing is  affected  by  a  hit-and-miss  device  closing  the  admission 
valve  when  required.  A  ball  governor  XJ,  on  the  main  shaft,  engages 
by  means  of  a  collar,  V,  with  the  rod  or  stem  Q,  which  is  articulated 
at  W.  On  the  upper  end  of  Q,  and  also  on  the  end  of  the  lever  M, 
are  fingers  X,  the  fingers  missing  contact  when  the  speed  increases 
and  the  governor-balls  open.  The  lever  M  and  the  valve  L,  there- 
fore, do  not  work  until  the  speed  is  reduced,  and  so  fresh  petroleum 
is  not  admitted  to  the  combustion  chamber.  Y  (Fig.  265)  is  the 
winch  handle  for  starting.  The  6-brake  h.p.  motor  consumes  from 
244  1.  to  298  1.  (4*4  pt.  to  5*25  pt.)  of  petroleum  per  hour.  This  is  at 
the  rate  of  from  40  to  '49  L  ('73  to  87  pt.)  per  horse-power  hour. 

The  new  stationary  petroleum  motor  made  by  Mr.  R.  O. 
AUsop  has  one  horizontal  cylinder,  working  on  the  usual  four- 
stroke  cycle,  and  alongside  it  is  a  pump  cylinder,  whose  piston  is 
worked  directly  by  a  connecting  rod  from  the  crank  shaft  A 
measured  quantity  of  oil  is  injected  into  the  pump  cylinder  with 
air  and  is  compressed,  allowed  to  expand,  and  then  forced  into 
the  motor  cylinder,  the  motion  and  the  resultant  heat  thoroughly^ 
vaporising  the  oil  spray,  but  the  mixture  is  much  too  rich 
for  there  to  bo  any  risk  of  spontaneous  ignition  in  the  pump 
cylinder.  As  the  charge  passes  to  the  motor  chamber  on  the 
return  stroke  of  the  pump  piston,  it  automatically  draws  in  the 
auxiliarj'  air  necessary  to  combustion.  The  inventor  does  not 
think  there  is  a  chance  of  the  oil  recondensing  before  combustion. 
At  starting  ignition  is  by  tubes,  but  later  it  is  done  automatically 
by  the  hot  cylinder  walls. 

To  complete  the  descriptions  of  the  four-stroke-cycle  motors  there 
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remain  to  be  described  the    small  motors  for  motor  cycles  and 
Toiturettes,  which,  as  a  rule,  are  well  designed,  and  are  interesting. 

The  de  Dion-Bouton  motor  is  diagrammatically  represented  by 
Figs.  267  and  268,  in  which  A  is  the  carburetting  tank ;  B  air-inlet 
tube ;  C  metal  plate ;  D  float ;  E  motor  cylinder ;  G  stem  of  exhaust 
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valve,  S' ;  H  silencer ;  J  worm  to  heat  carburetter ;  K  driving  pinion 
keyed  on  Hy-wheel  shaft  and  gearing  with  a  spur  wheel  mounted 
on  the  rear  axle ;  M  handle  of  steering  bar  controlling  the 
electric  circuit  for  sparking ;  N  igniting  device  for  explosive  mixture ; 
O  blow-off  tap  for  air ;  P  accumulators ;  R  tap  for  air  inlet  or  for 
explosive  mixture ;  'B>  motor  inlet  tap ;  S  S'  inlet  and  ex- 
haust valves;  T  induction  coil;  U  mechanical  contact  breaker  oi 
the  induction  coiL  A  long  piston,  with  three  segments,  moves  in 
the  verUcal  cylinder  ;  the  connecting  rods  and  disc  crank,  forming 
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a  flj'-wheel,  are    eoclosed    in    on  aluniiDium    case  contaiivng   oiL 
There  is   no   governor.      The  electric  ignition  has  the   variant   de- 
scribed  on   p.  166.      The   cooling   is   by  flanges.     For  the   IJ    h.p. 
type  the  cylinder  has  a  diameter  of  58  mm.  (23  in.),  and  a  piston 
stroke  of  70  mm.  (275  in.),  and  the  normal  number  of  revolutions 
is  1,400  per  minute.      By  increasing  the  bore  to  66  mm.  (26  in.) 
the  power  is  raised  to  Ij  h.p,,  and  the  thickness  of  the  cylinder, 
then,  is  only  3  mm.  (012  in.).     It  has 
16   flanges  projecting  19  cm.  (75  in.), 
forming  hoops.      In  some  models  the 
inlet  valve  is  not  placed  as  in  Fig.  26is, 
by  the  side  of  the  exhaust  valve,  but 
above  {see  Fig.  269).     The  inlet  valve 
and  its   seat  are  simply  placed  above 
the    suction   hole,  oh  a  fiat  support, 
with  an  asbestos  washer,  not  shown 
in  Fig.  269.      They  are  covered  fay  a 
bent  pipe,  through  which   the  carbu- 
retted  gas  enters.      All  it.   maintained 
by  a  bell-shaped  piece,  with  open  sides, 
a   bayonet  fastening  being  employed, 
this  latter    device  greatly  aiding  in- 
spection of  the  valves.     Owing  to  the 
radiation  caused  by  the  relatively  large 
valve,  and  by  the  current  of  air  pass- 
ing   through    its    openings,    the    bell 
assists    in    the   cooling  of    the   valve 
and  the  inlet  nozzle ;  at  each  suction 
a   greater   weight   of   gas    enters    the 
apparatus,  because  its   volume   remains  constEint,  and   the  tempera- 
ture is  less;  thus  the  power  of  the  motor  is  increased. 

The  de  Dion-Bouton  new  type  of  bicycle  motor  is  shown  in 
general  view  by  Fig.  270,  and  in  vertical  section  by  Figs.  271  and  272. 
It  is  very  compact,  being  only  40  cm.  (15-75  in.)  high,  14  cm. 
(5-5  in.)  across,  and  10  cm.  (39  in.)  wide,  this  narrow  construction 
allowing  the  distance  between  the  pedals  to  be  reduced  and  so 
give  greater  convenience  and  comfort.  A  novel  feature  is  the 
method  of  driving  the  hijlf-speed  shaft,  which  instead  of  being 
parallel  to  the  main  shaft  is  at  right  angles  to  it,  and  is  driven 
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by  spiral  gearing  from  the  fly-wheel  K.  The  periphery  of  K 
has  a  worm,  as  shown  in  the  section  Fig.  271,  and  so  the  fly-wheel 
forms  the  driving  gear-wheel,  which  engages  with  wheel  P  on 
the  cam  shaft,  the  worm  being  correctly  shaped  to  run  the  cam 
shaft  at  the  usual  half-speed;  this  arrangement  allows  the  cam 
shaft  to  be  in  the  same  vertical  plane  as  one  of  the  two  fly-wheels ; 
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and  also  it  permits  the  contact  breaker  M,  carried  on  the  end  of 
the  cam  shaft,  to  be  mounted  in  the  position  illustrated.  The 
radiating  flanges  or  ribs  adopted  in  the  old  type  (see  Fig.  267, 
p.  277)  have  been  abandoned  as  regards  the  cylinder  walls,  but 
some  of  peculiar  shape  are  retained  at  the  head,  where  the  heat 
ia  greatest  The  valves  and  the  ignition  plug  are  as  usual ;  the 
inlet  valve  is  fixed  in  position  by  a  threaded  sleeve,  so  that  the 
mixture  pipe  can  be  turned  round  into  any  desirable  position 
before  screwing  tight     The  exhaust  valve  is  operated  by  a  horizontal 
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lever,  lifted  by  cam  B,  Fig.  273;  cam  C  can  be  displaced  by 
the  lever  D,  Fig.  270,  in  such  a  manner  that  the  roller  is  raised 
clear  of  the  cam  B,  and  then  carried  up  on  to  an  inclined  plane 
in  the  casing,  the  exhaust  valve  then  remaining  open.  The  ignition 
cam  A  is  fitted  on  the  opposite  end  of  the  half-speed  shaft  The 
contact-breaker  M  is  now  of  metal,  not  of  insulating  material,  and 
forms  part  of  the  general  electric  connections ;  upon  it  are  mounted 
the  metallic  contacts,  insulated  from  it.  The  motor  is  fitted  with 
sockets  for  securing  to  the  down  tube  of  the  bicycle  frame,  but 
these  may  be  replaced  by  collars  for  fixing  the  motor  in  any 
other  position.  The  motor  weighs  10  kg.  (22  lb.),  has  a  bore  of 
62  mm.  (2*44  in.),  a  piston  stroke  of  70  mm.  (2*75  in.),  and  its 
normal  speed  varies  from  1,500  to  2,000  revolutions  per  minute,, 
its  power  then  being  IJ  h.p. 

The  new  Minerva  bicycle  motor  is  illustrated  in   part  sectional 
elevation    by    Fig.    274,    in    which    the    method    of   mechanically 
operating  both  the  inlet  and  exhaust  valves  is  at  once  apparent,, 
the   casing  over  the  valve  rod  cams,  etc.,  having  been  removed. 
S  is   the  inlet  valve   spindle,  and    P  the    exhaust   valve  spindle,, 
the  valves  themselves  being  separated  by   partition  G,  and  being 
accessible  by    unscrewing    the    plugs    above    them.      The    charge 
enters  at  H,  and  the  exhaust  leaves  at  I.      The  end  of  the  motor 
shaft  is  shown  at   O.      The  push  rods  V   Q  project   through    the 
casing  and  slide  in  guides,  W  R,  in  line  with   the  valve  spindles. 
The   inlet  valve  rod   V  is  lifted   by  the  direct  action   of  cam    M 
on  spindle  N,  and    the  exhaust    valve  rod    Q   through   the  ball- 
crank  lever  U,  carried  on  the  pin  T.     On  the  casing  that  covers  this 
gear  is  a  small  rocking  case,  carrying   the  contact-breaker;    this 
rocking    case    is    connected    by    a    simple    bent    lever    with    the 
spindle  of  the  cam  X  immediately  underneath  the  cam-gear  casing. 
This  cam   is  so  set  that  by  means  of    the  projection   Y  on  the 
bell-crank  lever  the  exhaust  valve  is  lifted  as  soon  as  ignition  is 
advanced  to  its  greatest  possible  extent ;  thus,  if  the  timing  lever 
is  moved  too  far,  the  exhaust  valve  at  once  is  lifted.     The  contact- 
breaker  is  shown  separately  by  Fig.  275,  in  which  cam  D  is  carried 
on  the  end  of  the  half-speed  shaft  E,  corresponding  vnth  the  shaft 
N  in  Fig.  274.     The  cam   is  cylindrical  except  for  the   projection 
F.     The  spring  G,  carrying  the  platinum  contact  H,  is  secured  to 
block  K  by  screw  M.     When  the  spring  is  deflected  by  the  cam. 
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the  contact  H  touches  the  point  of  screw  J,  held  in  block  L,  and 
so  completes  the' electrical  circuit  to  the  coiL  The  ignition  plug 
is  in  the  head  of  the  motor  (it  cannot  be  shown  in  Fig.  274), 
and  cooling  is  by  the  flanges  shown.  The  attachment  for  the 
lubricating  oil  pipe  is  at  Z,  and  the  waste  oil  outlet  at  Z',  Fig.  274. 
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One  type  of  Gaillardet  motor  is  distinguished  by  the  form  and  size 
of  the  flanges  («ee  Figs.  276  and  277).  The  cylinder  of  the  23  h.p, 
motor  has  a  bore  of  80  mm.  (315  in.),  the  piston  stroke  being  the 
same,  and  a  consumption  of  from  027  1.  to  04  ].  of  petrol  spirit  per 
horse-power  hour,  the  number  of  revolutions  being  about  1,800  and 
2,400  per  minute. 
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Iq  one  type  of  Aster  motor,  around  the  cylinder  head  and  the 
valves  are  flanges,  cast  solid  with  tlioiii,  and  around  the  cylinder  are 
copper  flanges,  the  superiority  of  which  over  iron  is  stated  on 
p.  201.      Usually    the  Aster  motor  is  of  2j  h.p.     Some  types  of 


Aster  motor  are  wholly  water-cooled  (Fig,  278)  and  some  have  a 
mixed  system  as  illustrated  by  Fig.  279,  in  which  the  head  is  water- 
cooled  and  the  cylinder  wall  air-cooled  by  corrugated  flanges. 

The  Humber  new  bicycle  motor  is  shown  by  Figs  280  and  281, 
It  is  built  up  on  four  rods  over  which  slide  trunnions  canyinjr 
the   crank-shaft   bearings,  a  plate  serving  to   hold   the   lower    end 
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of  the  cylinder  and  the  upper  face  of  the  crank  chamber,  the 
cylinder,  cylinder  head,  and  the  necessary  distance  tubes.  It  is 
evident,  then,  that  this  embodies  new  ideas  of  construction.  The 
rods  terminate  top  and  bottom  in  a  pair  of  higs,  by  means  of  which 
the  entire  motor  is  bolted  Lo  suitable  projecting  brackets  on  the 
framework  of  the  machine.  The  crank  chamber  is  of  aluminium 
and    in   two   parts,   and    serves    merely   as   an   oil-tight  easing    to 
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retain  the  lubricating  oU.  The  half-speed  exhaust  cam  and  the 
contact  maker  and  breaker  are  on  the  right-hand  side  of  the  crank 
chamber,  on  the  other  side  being  the  driving  sprocket,  which  chain- 
drives  a  latter  sprocket  mounted  about  the  bottom  bracket, 
concentric  with  the  pedal  shaft,  but  free  from  it.  A  second  chain 
passes  from  a  smaller  wheel  attached  to  this  sprocket  back  to  a 
corresponding  larger  wheel  carried  on  the  rear  hub.  The  cylinder 
bore  is  060  mm.  (2'625  in.)  and  the  piston  stroke  702  mm.  (3  in.), 
and  at  a  normal  speed  of  1,800  revolutions  per  minute  the  motor 
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develops  2  h.p.  The  motor  is  placed  in  an  inclined  position,  and 
actually  replaces  the  iront  upwardly  sloping  tube  of  the  bicycla 

Motors  working  on  the  two-stroke-cycle  will  now  be  considered. 

The  Lister  two-stroke-cycle  motor  is  shown  in  elevation  by 
Fig.  282,  and  in  vertical  aeQtion  by  Figs.  283  and  284 ;  it  obviously 
is    a    departure    in    motor  design.      The    two    vertical  cylinders 
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are  used  as  cylinders,  not  one  as  a  compression  pump  as  In  many 
two-stroke-cycle  motors,  and  the  two  are  connected  by  the  passf^ 
in  the  water-jacketed  head.  Figs.  285  to  287  show  diagram- 
matically  the  operations  of  the  pistons  and  their  connections.  The 
two  connecting  rods  R'  and  R"  do  not  pass  direct  to  the  crank- 
shaft, but  are  pivoted  to  the  two  upper  angles  ot  a  triangular 
framework,  whose  remaining  angle  carries  a  bearing  riding  on  the 
crank  pin  C.  A  swinging  link,  L,  pivoted  to  the  upper  member 
of  the  triangle,  is  connected  to  a  fixed  point  in  the  crank  chamber. 
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This  method  of  linking  causes  the  pistons  to  travel  in  a  curious 
manner,  relatively  to  the  constant  rotation  of  the  crank-shaft, 
the  result  being  that  they  assume  the  various  positions  shown  in 
Figs.  285  to  287,  when  the  crank  pin  C  is  at  the  three  positions 
indicated.  The  upward  movements  of  the  two  pistons  draw  air 
into  the  air-tight  crank  chamber,  and  when  the  pistons  descend 
this  air  is  forced  up  into  the  combustion  chambers  through  non- 
return valves  in  the  side  of  the  crank  chamber  and  in  the  cylinder 
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B.  Older  two-stroke-cyole  motors  draw  the  actual  charge  into  the 
crank  chamber,  an  explosion  in  which  would  be  very  destructive. 
The  pump,  illustrated,  is  operated  by  a  cam  on  the  crank-shaft, 
and  injects  the  actual  fuel  into  the  cylinder  B,  the  carburation 
of  the  air  already  there  being  accomplished  momentarily.  The 
exhaust  port  in  cylinder  A  is  uncovered  by  the  working  piston ; 
and  in  a  general  way  both  inlet  and  exhaust  passages  bear  the 
same  relationship  to  the  two  pistons  A  B  as  these  passages 
usually  do  to  the  single  piston  employed ;  but,  as  is  made  clear 
below,  the  two  ports  are  not  open  at  the  same  periods  of  the 
cycle.      The  sections,  Figs.  283  and  284,  show  that  the  incoming 
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gases  can  pass  to  the  exhaust  port  only  after  having  scoured  the 
cylinder  B,  and  after  having  passed  through  the  passage  in  the 
head  of  the  cylinders. 

The  operation  of  the  Lister  motor  is  as  follows :  Each  down- 
ward stroke  of  the  two  pistons  is  a  working  stroke  because  an 
explosion  is  occurring  in  their  common  combustion  chamber;  ai 
the  same  time,  the  air  in  the  enclosed  crank  chamber  is  being 
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compressed.  Directly  piston  A  uncovers  the  exhaust  port,  the 
e.\haust  gases  are  free  to  escape  ;  already  the  piston  B  has  uncovered 
the  air  inlet  port,  but  the  non-return  valve  prevents  the  burning 
or  exhaust  gases  passing  to  the  crank  chamber  whilst  the  cylinder 
pressure  cxcee<ls  that  in  the  cmnk  chamber.  As  the  pressure  is 
relieved,  the  air  is  forced  into  the  combustion  chamber ;  piston  B 
begins  its  upward  stroke  first  and  scavenges  the  combustion 
chamber;  then  piston  A,  during  its  upward  stroke,  covers  the 
exhaust  port,  and  at  this  moment  the  spirit  is  injected  into  the 
air  in  the  chamber  so  as  to  form  an  explosive  charge.  The  pistons 
then   complete   their    upward    strokes,  at   tho    same   time   drawing 
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fresh  air  into  the  crank  chamber.  With  regard  to  the  relative 
movements  of  the  two  pistons,  Fig.  285  shows  their  positions 
prior  to  compression,  Fig.  287  at  the  end  of  the  working  stroke, 
and  Fig.  286  the  positions  during  the  intermediate  compression. 
The  respective  capacities  of,  or  volumes  contained  in,  the  combustion 
chamber  may  be  represented  by  1  (Fig.  285),  1*7  (Fig.  287),  and 
0-25  (Fig.  286).  The  difference  between  the  volumes  1  and  17 
represents  the  amount  of  air  forced  through  the  combustion 
chamber  out  of  the  exhaust  pipe,  and  also  the  greater  degree 
of  expansion  in  this  motor  than  in  a  four-stroke-cycle  motor. 
The  diagrams  show  that  piston  B  travels  downwards  faster  than 
piston  A,  and  that  when  B  is  about  at  the  end  of  the  down  stroke, 
A  uncovers  the  exhaust  port ;  during  the  first  part  of  the  return 
stroke,  the  piston  A  opens  and  closes  this  port,  and,  travelling 
upwards  faster  than  B,  completes  the  stroke  at  the  same  time. 
With  regard  to  the  number  of  moving  parts  in  the  connecting 
rod  link-work,  F.  Lister,  the  inventor,  says  that  this  compares 
favourably  with  the  number  of  parts  in  a  two-cylinder  double- 
crank  four-stroke-cycle  motor,  and  this  is  a  fair  comparison.  It 
may  be  feared  that  the  method  of  injecting  the  fuel,  and  the 
peculiar  internal  construction  do  not  favour  very  thorough  carbura- 
tion  of  the  air  already  in  the  combustion  chamber ;  and  so,  in  the 
Lister  small  high-speed  motors,  this  method  is  superseded  by  car- 
buretting  the  air  in  the  pump,  whose  delivery  to  the  combustion 
chamber  is  imder  the  control  of  an  automatic  governor,  or  can 
be  adjusted  by  hand  whilst  the  motor  is  running. 

The  Gobron  two-stroke-cycle  motor  has  a  peculiar  arrangement  of 
the  cylinder  relatively  to  the  crank  shaft,  as  shown  by  the  section.  Fig. 
288.  The  combustion  chamber,  a,  has  an  electric  ignition  plug  at  the 
end  farthest  from  the  piston,  and  has  free  exhaust  ports  (not  shown) 
at  a  point  which  is  uncovered  by  the  piston  at  the  end  of  its  working 
.stroke.  The  piston  has  a  hollow  boss,  e,  on  its  upper  face,  and  the 
boss  is  connected  with  a  passage,  gr.  The  cylinder  is  air  cooled,  and  is 
so  constructed  and  attached  to  the  closed  crank  chamber  that  the 
under  side  of  the  piston  may  act  as  a  pump  for  drawing  the  explosive 
mixture  from  the  pipe  c  into  the  crank  chamber,  and  for  forcing  this 
mixture  through  the  passage  d,  and  port  u,  into  the  combustion 
chamber  when  the  piston  is  in  the  position  shown  by  Fig.  288.  The 
axis  of  the  cylinder  is  tangential  to  the  crank  shaft  in  order  that  the 
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working  stroke  may  be  more  rapid  than  the  compression  stroke,  the 
inventor's  object  being  to  reduce  the  amount  of  negative  work  done 
by  the  fly-wheel.  The  crank  chamber  6  contains  two  fly-wheels  j. 
with  the  crank  pin  k  between  them.  The  connecting  rod  h  is  fitted 
in  the  usual  way,  but  carries  the  bent  strip  of  metal  «,  which  at  each 
revolution  dips  into  and  splashes  up  the  oil  contained  in  the 
chamber  I.  The  action  of  the  engine  is  very  similar  to  that  of  other 
two-stroke-cycle  motors.  The  piston  is  driven  downwards  by  the 
explosion  in  the  chamber  a,  and  it  then  compresses  a  fresh  mixture 
in  the  crank  chamber ;  at  nearly  the  end  of  a  forward  stroke  the 
piston  first  uncovers  the  exhaust  port  and  then  opens  free  com- 
munication between  the  crank  chamber  and  the  combustion  chamber, 
through  the  passages  d,  u,  and  g.  The  mixture  is  thus  caused  to 
take  the  place  of  the  products  of  combustion,  and  the  piston  on  the 
return  stroke  (it  goes  as  far  as  the  dotted  outline  /*)  compresses 
this  charge  in  a,  and  also  draws  a  fresh  charge  from  a  carburetter 
through  the  passage  c  into  the  crank  chamber.  This  fresh  charge 
enters  by  means  of  the  hollow  boss  e,  which  enables  the  remaining  pro- 
ducts of  combustion  to  be  driven  from  the  cylinder  and  reduces  the 
tendency  for  the  incoming  charge  to  pass  out  through  the  exhaust 
ports. 

The  Goret  six-stroke-cycle  motor  (Figs.  289  and  290)  may  be  men- 
tioned. The  fifth  and  sixth  period  of  the  cycle,  as  is  explained  on  p.  157. 
produce,  after  each  explosion,  a  flush  of  pure  air,  which  completely 
expels  the  burnt  gases,  and  cools  the  cylinders.  The  three 
radiating  cylinders  have  their  pistons  on  the  same  crank.  The 
regulation  is  by  a  needle  valve  varjdng  the  intake  of  petrol 
spirit  into  the  carburetter,  which  totally  atomises  the  amount  ad- 
mitted. There  is  electric  ignition.  As  usual,  the  inlet  valve  is 
automatic.  Each  cylinder  has  a  cam  a,  working  a  rod  fc,  which 
lifts  the  exhaust  valve  placed  at  the  side.  The  distributing  cam 
a  has  a  groove  with  special  profile,  with  a  small  roller  running  in 
it,  attached  to  the  frame,  and  this  works  the  distributing  rod  h 
with  several  side  contacts.  At  the  extremity  of  this  rod  there  Is 
a  conical  ring,  which,  by  means  of  a  roller,  works  the  valve  of  an 
atomiser.  Thus  atomising  is  not  constant,  but  is  simply  and 
mechanically  produced  for  each  cylinder  every  three  revolutions 
(six  phases)  of  the  motor  axle. 

A  compound  petrol  motor  is  the  invention  of  Graham  and  Fo.x. 
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of  New  York,  and  in  this  motor  an  attempt  is  made  to  utilise 
the  exhaust  gases  in  an  auxiliary  low-pressure  cylinder.  The 
idea  is  not  new,  but  it  has  been  supposed  that  the  resultant  gain 


of  power  would  hardly  compensate  for  the  extra  friction  and 
trouble,  and  for  the  extra  cost  involved  ;  however,  the  makers  of 
the  Graham-Fox  advance  figures  showing  that  the  power  gain  is 
far  greater  than  could  be  expected,  and  even  if  these  must  be 


290  THE   AUTOMOBILE. 

largely  discounted  until  confirmed  or  disproved  by  authoritative 
tests,  they  show  that  the  motor  is  worthy  of  attention.  Briefly, 
it  consists  of  three  cylinders  cast  together,  of  which  the  two  outer 
ones  are  water-jacketed  and  work  on  the  usual  four-stroke-cycle, 
their  bore  and  piston  stroke  being  127  mm.  (5  in.).  The  middle 
cylinder  is  not  jacketed,  its  bore  is  190"5  mm.  (7-5  in.)  and  its  stroke 
the  same  as  the  others.  The  outer  cylinders  have  pistons  connected 
to  cranks  in  line  with  each  other,  the  piston  of  the  middle  cylinder 
working  a  crank  opposite  the  others,  so  that  as  the  outer  and 
smaller  pistons  descend,  the  inner  and  larger  piston  ascends.  Special 
valve  gear  allows  the  exhaust  of  the  two  outer  cylinders  to  pass 
into  the  middle  one,  where  the  gases  expand  and  do  useful  work. 
With  identical  fuel  consumptions,  this  motor  is  said  to  have 
given  13 1  brake  h.p.  and  89  h.p.  respectively  with  and.  without 
the  low-pressure  cylinder  in  use.  It  will  appear  from  these 
figures,  which  must  be  accepted  with  great  reserve,  that  the 
low-pressure  cylinder,  using  the  exhaust  of  two  cylinders,  has 
about  the  same  power  output  as  either  of  the  high-pressure  ones. 
However,  the  large  bore  and  piston  stroke  being  considered,  the 
total  output  is  not  very  astonishing. 

In  the  James  F.  Duryea  motor  the  combustion  was  produced  in  a 
special  tank,  which  acted  somewhat  as  does  the  boiler  of  a  steam  engine. 
The  petrol  spirit  entered  by  a  small  tube  into  a  large  one,  where 
it  was  vaporised  under  the  action  of  heat  from  a  lamp.  The  vapour 
passed  through  a  cylindrical  nozzle  at  considerable  velocity,  and 
carried  with  it  the  requisite  amount  of  air  to  the  combustion 
tank,  where  the  combustion  caused  a  pressure  of  about  85  kg.  per 
cm.^  (121  lb.  per  sq.  in.).  A  pipe  ran  from  the  explosion  tank  to 
the  petrol  spirit  reservoir,  so  that  in  spite  of  the  pressure  in  the 
tank  the  petrol  spirit  continued  to  descend.  The  intake  of  petrol 
spirit  could  be  varied  by  aid  of  a  valve  on  the  feed-pipe.  The 
double-acting  effect  obtained  would  have  great  advantages,  but  it 
is  doubtful  if  this  motor  is  in  actual  use  on  a  car. 

The  Diesel  motor  has  not  yet  been  adapted,  it  is  thought^ 
to  automobiles,,  but  as  it  is  based  upon  principles  new^  to  auto- 
mobilism,  and  as  it  would  be  a  desirable  type  for  use  on  automobiles, 
a  description  of  it  may  prove  welcome  {see  also  p.  153).  In  all  com- 
bustion  the  temperature  to  which  the  fuel  must  be  brought  in 
presence  of  air  before  ignition  is  possible  must  l>e  distinguished  from 
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the  temperature  produced  during  the  chemical  action  of  combustion. 
The  temperature  of  combustion,  strictly  so  called,  always  is  attained 
after  ignition  by  and  during  the  combustion  itself.  Diesel  maintf^ins 
that  in  a  motor  the  temperature  of  combustion  should  be  pro- 
duced before  and  independently  of  combustion,  consequently  before 
ignition,  and  solely  by  a  mechanical  heating  of  pure  air.  This 
condition  is  a  simple  consequence  of  the  principles  upon  which  the 
Camot  cycle  is  based.  Not  less  than  from  100  to  200  atmospheres 
are  needed  to  produce  this  temperature    of   combustion   byi^simple 


Fig.  291.— Principle  of  Diesel  Compound  Motor. 


compression  in  the  strict  application  of  the  four-phase  cycle,  that 
is,  first  by  compressing  air  at  two  or  four  atmospheres  following 
an  isotherm,  and  then  to  a  pressure  corresponding  to  the  required 
temperature  following  an  adiabatic.  If,  on  the  contrary,  compres- 
sion following  an  adiabatic  is  produced  from  the  outset  a  pressure 
of  from  30  to  50  atmospheres  suffices.  Other  theories  are  advanced 
in  connection  with  Diesel's  idea,  but  for  the  present  purpose  these 
can  \)e  dispensed  with.  A  motor,  based  on  quite  novel  principles, 
was  designed  by  Diesel.  Two  combustion  cylinders  C  (Fig.  291), 
^vith  plunger  pistons  P,  are  connected  by  valves  h  with  an  inter- 
mediary cylinder  B  of  greater  diameter  with  piston  Q,  and  by  valves 
a,  with  an  air-chamber  L.  The  piston  cranks  P  are  parallel,  and 
at  180'  from  that  of  the  piston  Q.  The  latter,  through  the  valve 
T  2 
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d,  sucks  air ;  the  piston  as  it  descends  compresses  the  air  in  cylinder 
B  to  several  atmospheres,  and  drives  it  through  the  valve  e  into  the 
air-chamber  L.  The  piston  P,  in  descending  to  position  1  sucks 
air  from  this  chamber,  and  in  ascending  to  position  2  brings  it 
to  the  final  pressure.  While  descending  to  position  3,  the  pul- 
verised carbon  in  funnel  c  falls  into  the  cylinder  C,  where  it  burns. 
The  gases  of  combustion  expand  and  drive  the  piston  to  its  lowest 
position  1.  At  this  instant  valve  h  opens,  whilst  P  ascends,  and  the 
gases  continuing  to  expand  fill  cylinder  B  above  piston  Q,  which 
descends ;  this  is  the  working  stroke.  When  Q  is  on  the  point  of 
ascending,  h  shuts,  and  /  opens  to  allow  the  waste  gases  to 
escape.  Thus  the  cycle  of  each  cylinder  C  comprises  four  phases 
or  two  revolutions,  the  two  together  giving  one  driving  stroke  for 
each  revolution.  It  would  have  been  very  complicated  to  con- 
struct at  once  the  compound  motor  described,  and  at  first  there 
was  a  monocylindric  engine  fed  with  petroleuin.  The  heavy 
compression,  high  temperature,  and  great  speeds  developed  by 
this  motor  led  to  very  great  difficulties  in  construction  of  the 
various  parts.  In  1895  the  experience  gained  in  overcoming  them 
was  turned  to  account  to  build  a  second  motor  of  12  kp.,  which 
gave  remarkable  results.  At  the  end  of  1896  was  commenced  the 
construction  of  a  similar  type  of  motor  of  20  h.p.,  which  was 
tested  in  the  beginning  of  1897.  The  1895  motor  was  not  pro- 
vided with  a  water-jacket,  but  there  are  certain  practical  advantages 
with  a  system  of  cooling,  especially  the  greater  power  obtainable, 
and  this  consideration  led  to  its  adoption  in  the  1897  motor  to 
which  petroleum  was  conveyed  by  a  pump.  This  motor  works 
quietly  and  reliably,  having  been  tested  carefully  by  Professors 
Schroter,  Gutermuth,  and  Sauvage,  and  by  French  and  German 
engineers,  and  the  results  appear  to  be  so  harmonious  that  they 
may  be  regarded  as  final.  The  indicated  thermal  efficiency  was 
found  to  be  equal  to  34  or  35  per  cent,  with  the  nonnal  charge, 
and  to  38  or  40  per  cent,  at  half  charge.  These  figures  are 
about  50  per  cent,  greater  than  the  best  results  hitherto  obtaine<l 
for  the  indicated  efficiency  of  gas  motors  which,  according  to 
Dugald  Clerk,  never  exceeds  27  per  cent.,  and  very  often  is 
below  this.  The  mechanical  efficiency  of  the  engine  is  between 
71  and  75  per  cent.,  that  is  to  say,  less  than  that  of  steam  or 
internal  combustion  motors.     The  final  efficiency,  however,  is  not 
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less   than   266,  which   means   that   26*6  per  cent,   of  the   heat  of 
the   fuel   is   transfonned    into  etFective  work   at    the  motor  shaft 
The  increase  of  this  efficiency  demonstrates  the  superiority  of  the 
new  system  over  the  old.      The    consumption    of    petroleum    per 
brake   horse-power  hour  was   only   240  g.   (846   oz.)    for  the   full 
charge,  and  277  g.  (9'76  oz.)  for  half  charge.     Reckoning  the  petro- 
leum at  density  0*85,  these  weights  are  equivalent   in  volume  to 
0-28  L    (0-49  pt.)    and   0327  1.  (0575  pt.)    respectively.      The    but 
slight  difference  between  the  two  quantities  demonstrates  the  small 
increase  in  expenditure  of  fuel  due   to  a  decrease  of  the  charge. 
The  thermal  efficiency  of  the  motor  profits  with  the  smaller  charge, 
and    so    compensates  for   the  relatively  low  mechanical  efficiency. 
Compared  with  a  motor   of  another   type,  for  an  equal  number  of 
revolutions    the    Diesel   motor    can   give  the    ordinary  power    and 
be  of  smaller  dimensions.     As  starting  is  accomplished  by  placing 
the    air    chamber    and    cylinder   in    communication,   the  motor    is 
always  ready   to   work,    whether   hot   or  cold,  or   whether  it   has 
been  stopped  for  a  few  seconds  or   for   several  days.     This  would 
l)e   an   advantage   in    an    automobile    motor.      Another   advantage 
claimed  for  the  Diesel  motor  is  perfect  combustion,  there  not  being 
any   fouling    inside   the    cylinder   and    only   odourless  and   almost 
invisible  gases  being  expelled  into  the  atmosphere,  whilst  the  absence 
of  carburetting  and  igniting  devices  allows  a  very  simple  construction. 
The  first  Diesel  oil  motor  produced  in  England  was  made  by  Scott 
and  Hodgson,  of  Manchester,  at  the  beginning  of  1901,  for  the  Diesel 
Engine  Company,  of  London.     It  has  important  points  of  difference 
from  previous  Diesel  motors  made  on  the  Continent,  as  it  has  but 
one  horizontal  cylinder,  and  works  on  the    two-stroke-cycle.     The 
horizontal  arrangement  is  not  considered  an  improvement,  as  the 
vertical  position  better  suits  the  valves,  piston,  and  other  working 
parts ;    but    the    two-stroke  -  cycle    is    an    advantage — for    though 
in   ordinary  oil  motors   the  chief  objection   to   it  is  that  some  of 
the  fuel  escapes  unburn t  through  the  exhaust  valves,  or  alternately 
in   attempting  to  avoid   this  risk  the  charge  is   over-diluted  with 
burnt    gases — in    the    Diesel    motor    the    scavenging    charge    is  a 
mere  air  charge,   the   burnt  gases  are   exhausted  thoroughly,  and 
the  fuel  gas  is  admitted  to  the  cylinder  only  some  time  after  the 
exhaust  valve  has  closed.     Ignoring  its  application  to  automobiles, 
it  can  be  seen  that  for  slow-speed  stationary  motors  on  the  Diesel 
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principle  the  two-stroke  is  better  than  the  four-stroke-cycle.  Figs.  292 
and  293  are  sketches  explaining  the  action  of  the  new  motor.  The 
working  cylinder  A  has  a  bore  of  20  cm.  (7875  in.),  and  the  front 
of  it  is  open  to  the  atmosphere.  A  pump  cylinder  D,  of  23  cm.  (9  in.) 
bore,  is  placed  in  tandem  with  the  working  cylinder,  and  the  two 
pistons  B  and  C  are  connected  together  by  a  rod,  which  passes 
through  a  stuflSng  box  in  the  end  of  cylinder  D.  The  stroke  of 
the  pistons  is  29*3  cm.  (1075  in.),  and  the  clearance  space  behind 
the  working  piston  when  at  its  inmost  positions  is  very  small; 
the  actual  compression  space  is  5  per  cent,  of  the  total  volume  of 
the  cylinder  when  the  piston  is  at  its  forward  dead  centre.  The 
air  enters  the  working  cylinder  A  through  a  port  J,  from  a 
reservoir  formed  in  the  bed  of  the  engine,  and  a  non-return 
valve  is  provided  in  this  passage.  In  this  reservoir  the  air 
is  kept  at  a  suitable  pressure,  the  supply  being  maintained  by 
the  pump  cylinder  D.  Oil  is  pumped  into  an  injection  valve  L, 
on  the  top  of  the  cylinder  A,  the  oil  being  driven  by  an  eccentric 
on  the  cam  shaft;  this  shaft  lies  parallel  with  the  cylinders,  and 
is  driven  in  the  usual  manner,  but  at  the  same  speed  as  the  crank 
shaft.  The  cam  shaft  also  operates  a  centrifugal  governor  and 
carries  three  cams,  respectively  the  exhaust  cam,  oil  admission  cam, 
and  starting  cam.  The  oil  pump  has  a  bore  of  9*5  mm.  (375  in.)  and 
a  stroke  of  15*9  mm.  (625  in.),  and  has  a  constant  which  corresponds 
with  that  of  the  working  piston,  and  its  delivery  pipe  always  is 
in  communication  with  the  injection  valve  L ;  its  suction  valve, 
however,  normally  is  held  open  by  a  spring,  but  is  closed  at  the 
beginning  of  the  deliver)^  stroke  of  the  pump  for  a  period  depending 
on  the  speed  of  the  engine.  Thus  the  pump  draws  a  fuU  charge 
of  oil  at  each  suction  stroke,  but  returns  some,  or  even  all,  of  this 
during  the  delivery  stroke,  only  the  balance  being  forced  into  the 
injection  valve ;  the  maximum  proportion  of  oil  delivered  to  the 
valve  L  is  10  to  12  per  cent,  of  the  capacity  of  the  pump.  The 
exhaust  valve  K  is  placed  in  the  end  of  the  working  cylinder,  and 
is  operated  in  the  usual  manner  by  a  cam ;  it  is  opened  just  before 
the  end  of  the  forward  stroke,  and  is  closed  just  before  the  piston  I» 
has  covered  the  port  J.  The  injection  valve  L  also  is  operated  by 
a  cam,  which  opens  it  practically  at  the  rear  dead  centre,  and  allows 
compressed  air  from  storage  cylinders  to  inject  the  oil  into  the 
working  cylinder;    this  injection  valve   always  closes  at   the  same 


TYPICAL    PETROL    MOTORS    DESCRIBED.  2S5 

time — about  12  per  cent,  of  the  forward  stroke.  The  working 
cylinder  A  is  water-jacketed  completely,  and  the  pump  cyhnder  D 
is  water-jacketed  round  the  under  side.  A  water-jacketed  high- 
pressure  air  pump  E  takes  air  from  the  pump  cylinder  D  and 
delivers  it  mider  pressure  to  the  storage  cylinders  in  the  bed  of 
the  motor,  which  are  used  for  injecting  the  oil  and  for  starting  the 
motor.  The  air  pump  is  driven  by  an  overhanging  crank-pin  on 
the  crank  shaft,  and  the  piston  F  reciprocates  in  the  oppasite 
directions  to  the  latter  pistons  B  and  C ;  its  cylinder  has  a  diameter 
of  794  mm.  (3125  in.),  and  the  stroke  is  13  em.  (5125  in.).  The 
operation  of  the  engine  is  as  follows.  The  working  piston  receives 
an  impulse  during  each  forward  stroke,  at  the  end  of  which  the 
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exhaust  valve  K  is  opened.  The  products  of  combustion  then  pass 
out  of  the  cylinder  to  the  exhau.st  pipe,  and  as  soon  as  the  pressure 
in  the  cylinder  is  less  than  that  in  the  air  chamber  in  the  bed  of 
the  motor  air  enters  at  J  and  scavenges  the  combustion  chamber 
and  fills  it  with  pure  air.  The  exhaust  valve  then  is  closed,  and 
the  piston  covers  the  port  J,  after  which  the  air  charge  is  compressed 
to  about  205  kg.  per  cm.^  (420  lb.  per  sq.  in.).  Next  the  oil  admission 
valve  is  opened  by  its  cam,  admitting  compressed  air  from  the 
storage  cylinders.  The  entering  air  injects  such  oil  as  is  being 
delivered  to  the  valve  by  the  pump,  and  carries  it  in  a  diffused 
spray  into  the  working  cylinder.  The  low-pressure  pump  D  draws 
its  charge  through  a  suction  valve  and  through  the  port  G.  On 
the  return  stroke  it  delivers  this  air  through  a  port,  H,  into  the 
reservoir  bed,  an<l  this  delivery  continues  until  the  piston  C  has 
covered  the  ports  G  and  H,  when  the  remaining  air  is  raised  to  s 
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pressure  of  about  28  kg.  per  cm.^  (40  lb.  per  sq.  in.),  and  passes 
only  into  the  high-pressure  pump  cylinder  E ;  this  latter  compresses 
its  charge  into  the  storage  cylinders.  For  starting  the  motor  a 
separate  cam  is  caused  to  act  upon  the  valve  L,  and  to  allow  the 
stored  high-pressure  air  to  enter  behind  the  working  piston  B.  The 
valve  opens  at  the  beginning  of  the  forward  stroke,  and  it  cuts 
off  the  admission  at  one-third  of  the  stroke.  This  air  drives  the 
piston  forward,  and  escapes  through  the  exhaust  valve  K  at  the 
end  of  the  stroke ;  at  the  same  time  oil  is  prevented  from  being 
delivered  to  valve  L.  After  about  ten  revolutions,  fuel  is  supplied 
and  the  engine  runs  normally.  The  power  of  the  motor  is  from 
15  to  20  h.p.  at  a  speed  of  from  215  to  240  revolutions  per  minute. 
Of  course,  there  is  a  wide  gulf  between  this  stationary  motor  and 
one  that  would  be  suitable  for  automobile  purposes,  but  the  above 
detailed  description,  which  is  due  to  the  Aiitomotor  JaiiTnal,  shows 
that  a  great  deal  has  been  accomplished,  and  gives  much  promise 
for  a  really  practical  automobile  motor  on  the  Diesel  system. 

The  causes  of  petrol  motors  working  unsatisfactorily  may  be 
considered  briefly.  In  a  motor  whose  charge  is  ignited  electrically 
stopping  or  bad  travelUng  is  most  frequently  attributable  to  (1) 
defective  compression,  (2)  defective  ignition,  and  (3)  defective  car- 
buretting.  Bad  compression  may  be  due  to  a  leakage  caused  by  a 
badly  fitting  sparking  plug  (the  best  joints  are  asbestos  and  copper 
or  wire  gauze),  or  by  a  loose  valve  (valves,  especially  exhaust  valves, 
should  be  re-grotmd  from  time  to  time).  Defective  ignition  usually 
is  due  to  a  faulty  sparking  plug.  Defective  carburetting  easily  is 
detected  with  the  bubbling  carburetter.  A  leakage  in  the  pipe 
uniting  the  carburetter  with  the  motor  may  spoil  the  composition 
of  the  mixture. 

In  a  motor  having  tube  ignition  the  main  causes  of  defective 
working  are  failure  of  compression,  which  may  totally  prevent 
working  of  the  motor,  and,  secondly,  feeble  ignition.  It  is  desirable 
to  be  able  to  aid  the  combustion  of  the  burner,  which  heats  the 
tube  by  blowing  in  air  with  an  indiarubber  tube  and  ball.  The 
method  of  carburetting,  also,  is  to  blame  sometimes,  and  with  the 
atomising  carburetter  usually  employed  when  there  is  tube  ignition 
it  is  rather  diflScult  to  find  the  weak  point.  Defective  carburetting 
may  be  caused  by  an  insufficient  supply  of  petrol  spirit  (owing  to 
the   choking  of  the  capillary  tube),  or  by  an  excess  (owing  to  the 
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float  not  working) ;  in  the  latter  case  dense  smoke  issues  from  the 
silencer.  The  governor  may  work  faultily,  and,  to  ascertain  if  this 
is  the  case,  it  must  be  disconnected  to  see  how  the  motor  works 
without  it;  take  care  to  have  slight carburetting,  so  that  the  motor 
does  not  race.  It  must  be  remembered  that  a  new  motor  does  not 
at  first  give  the  power  for  which  it  was  built,  because  perhaps  the 
cylinder  is  not  perfectly  reamed,  the  piston  is  too  tight  or  is  too 
small,  or  the  s^ments  have  not  yet  properly  fitted  to  the  form  of 
the  cylinder.     After  a  time  these  defects  disappear. 

The  chief  defect  of  the  petrol  motor  is  the  one  emphasised  in 
Chapter  IX.,  lack  of  elasticity.  This  makes  it  necessary,  when  a 
variable  power  is  needed,  to  have  on  the  motor  several  cylinders, 
the  number  of  which,  brought  into  action,  is  proportional  to  the 
power  required;  but  it  would  be  much  better  to  give  the 
motor  the  elasticity  of  which  it  is  deficient,  for  which  purpose  it 
would  be  necessary  to  vary  either  the  richness  or  the  degree  of  com- 
pression of  the  mixture,  and  perhaps  both.  The  variation  in  richness 
appears  at  first  to  be  simply  the  work  of  the  carburetter  alone, 
but  generally  the  carburetter  acts  only  by  suction  of  the  piston, 
this  suction  decreasing  with  the  speed  of  the  motor  when  it 
meets  greater  resistance,  that  is  to  say,  when  the  feeding  of  the 
carburetter  should  be  accelerated.  The  distributor,  based  upon  the 
idea  of  mechanically  introducing  a  certain  amount  of  petrol  spirit, 
appears  a  more  suitable  device  with  which  to  accomplish  the 
variation.  The  chaise  of  petrol  spirit  can  easily  be  operated  by 
aid  of  a  drop-counter  tap  whose  seat,  containing  cavities  filled 
with  petrol  spirit,  is  made  to  turn  at  a  speed  proportional  to  the 
required  energy ;  but  regijlation  of  the  air  and  its  mixing  with 
the  petrol  are  difficult  in  this  device.  Perhaps  the  difficulty  will 
ba  overcome  by  combining  this  device  with  electric  ignition. 
It  is  to  be  hoped  that  the  Diesel  motor  will  be  applied  to 
automobiles. 

Another  inconvenience  of  petrol  motors  is  the  vibration  caused 
in  the  cars,  especially  when  at  a  standstill,  and  constructors 
rightly  are  endeavouring  to  balance  the  parts.  The  method  of 
placing  counter-weights  on  the  heads  of  the  connecting  rods  and 
at  their  junction  with  the  motor  shaft  and  pistons  is  simple, 
but  balancing  is  only  obtained  for  one  speed.  Balancing  by  in- 
verse motion  of  conjugated  pistons  appears  to  be  a  better  method ; 
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though  balancing  by  working  two  pistons  in  opposite  directions 
by  an  explosion  between  them  seems  more  perfect  in  theory.  The 
petrol  motor  is  still  a  new  invention,  and  this  fact  gives  hope 
that  it  will  have  important  improvements.  Carburetting,  in  par- 
ticular, might  be  improved,  and  the  governing  of  ignition  made 
more  exact.  It  would  be  well  to  consider  carefully  the  influence  on 
the  power  of  the  motor  of  the  volume  of  the  cylinder  and  the  rate 
of  compression.  Efficiency  will  be  improved  by  decreasing  the 
losses  of  heat  caused  by  cooling  the  cylinders,  these  losses  amounting 
sometimes  to  30  per  cent,  of  the  heat  units  developed  by  the 
combustion.  If  a  lubricant  is  found  which  does  not  decompose 
at  350^  or  400°  C,  the  decomposing  point  of  the  oleonaphthas 
hitherto  employed,  the  cylinders  can  be  allowed  to  get  hotter,  and 
so  much  will  be  gained.  The  aim  must  be  some  more  methodical 
cooling,  either  by  aid  of  automatic  valves  regulating  the  current 
of  water  according  to  the  temperature  of  the  cylinder,  or  by  the 
aid  of  a  fan  driven  by  the  motor  and  sending  a  variable  amount 
of  air  between  the  cylinder  flanges  (Diligeon  system). 

A  practical  rotary  petrol  motor  is  very  desirable,  and  would 
most  certainly  lessen  vibration  and  wear,  but  its  invention  seems 
to  be  more  remote  than  that  of  a  rotary  steam  motor  for  automobile 
use.  It  is  true  that  a  large  number  of  designs  has  been  introduced 
(see  pages  201  to  206  of  the  first  edition  of  this  work),  but  not  one 
of  them  has  given  satisfaction,  and  so  far  as  is  known,  there  is  not 
a  single  example  in  actual  employment  on  an  automobile.  The 
Andr^  Beetz,  Dodement,  Vernet,  Gardner-Sanderson,  and  Chaudnn 
rotary  motors  are  just  a  few  of  the  many  inventions  in  this 
direction. 
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CHAPTER    VIII. 

ACCUMULATORS   AND   ELECTRIC   MOTORS   FOR  AUTOMOBILES. 

The  accumulator  is  the  only  source  of  electrical  energy  of  practical 
use  for  driving  an  automobile,  because  an  electrically  propelled 
car,  like  other  automobiles,  must  self-contain  its  supply  of  energy, 
and  thus  it  excludes  employment  of  the  trolley  running  under  a 
coDductor  in  constant  communication  with  generators  at  the 
power  station ;  it  is  the  trolley  system  of  electric  traction  that  ex- 
perience has  indicated  as  being  most  practical.  True,  it  has  been 
proposed  for  automobiles,  but  it  is  well-nigh  impossible  for 
cars  that  have  to  run  under  ordinary  road  conditions,  though 
one  or  two  services  of  omnibuses  are  being  so  propelled. 
Whilst  electricity  has  become  one  of  the  most  powerful  agents 
of  transport,  still  almost  exclusively  the  system  that  is  em- 
ployed is  the  one  using  an  overhead  or  underground  conductor ; 
for  the  few  tramcars  with  accumulators  which  have  been  run 
have  not  proved  economical  generally. 

The  overhead  or  underground  conductor  being  excluded  there 
remain  only  primary  or  secondary  batteries  available  for  the 
automobile.  Primary  batteries,  as  their  name  indicates,  directly 
transform  chemical  energy  into  electric  energy,  and,  therefore, 
might  be  expected  to  supply  electricity  very  cheaply;  but  such 
is  not  the  case,  because  the  materials — acids,  salts,  zinc  (the 
attempts  made  to  replace  this  metal  by  other  substances  have 
mostly  proved  fruitless)  consumed  by  the  battery  are  more  ex- 
pensive than  coal,  from  which  indirectly  the  dynamo  obtains 
its  energy.  Hospitaller,  an  enthusiastic  and  judicious  advocate 
of  the  electric  automobile,  reckons  that  a  bichromate  of  potash 
battery  consuming  the  material  strictly  necessary  for  the  produc- 
tion of  1  kilowatt-hour,  say  1  kg.  of  amalgamated  zinc  at  7^d. 
per  kg.  (2'2  lb.  at  3Jd.  per  lb.),  and  1-668  kg.  of  bichromate  of 
potash  at  Hid.  per  kg.  (3*7  lb.  at  SJd.  per  lb.),  costs  2s.  2id. : 
including  sulphuric  acid  the  cost  is  2s.  4id.  If  it  is  assumed 
that  an  electric  car  must  carry  a  supply  of  energy  of  from  5 
to   10  kilowatt-hours,  according  to  the  weight  of  the  car  and  the 
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length  of  the  journey,  the  chemical  products  alone  would  cost 
from  15  fr.  to  30  fr.  (lis.  10 Jd.  to  23s.  9Jd.).  The  battery  is 
not  only  costly,  but  is  also  very  heavy,  owing  to  the  necessity 
of  diluting  the  acid  and  dissolving  the  potash  in  a  large  amount 
of  water,  all  being  carried  in  heavy  vessels.  Again,  its  E.M.F.  does 
not  exceed  2  volts,  and  02  volt  may  be  absorbed  by  internal  resist- 
ance. Thus  it  results  that  the  specific  power  (quotient  of  its 
useful  power  divided  by  its  weight)  is  only  1  to  2  watts  per 
kg.  and  its  specific  energy  does  not  exceed  4  to  5  watt-hours 
per  kg.  (1-8  to  2*27  per  lb.).  It  need  hardly  be  remarked  that 
for  traction  purposes  the  electric  generator  should  possess  great 
specific  power,  so  as  to  be  able  at  a  given  moment — as  at 
starting,  ascending  a  steep  gradient,  etc. — to  develop  a  con- 
siderable power,  and  great  specific  energy  to  be  able  with  slight 
weight  to  propel  the  car  for  a  suflScient  ^length  of  time.  Employ- 
ment of  primary  batteries,  then,  is  inadmissible. 

As  regards  accumulators,  that  is,  secondary  batteries,  some  years 
ago  they  were  not  any  more  practical  than  primary  batteries,  for 
in  1881  the  Faure  type  hardly  gave  as  power  and  energy  1  watt 
and  7  watt-hours  per  kg.  (2-2  lb.)  of  total  weight,  which  is  much 
the  same  as  that  given  by  the  primary  battery.  However,  the 
Fulmen  type  actually  yields  a  specific  power  of  8  to  10  watts  and 
a  specific  energy  of  20  to  30  watt-hours  per  kg.  Progressing  in  the 
same  direction,  the  2  to  3  kilowatt  electric  motor,  which  in  1881 
weighed  from  30  kg.  to  40  kg.  (66  lb.  to  88  lb.),  with  an  effi- 
ciency of  only  60  per  cent.,  weighed  in  1897  from  15  kg.  to  20  kg. 
(33  lb.  to  44  lb.)  per  kilowatt,  and  its  efficiency  was  85  or  90  per 
cent.  This  advance  rendered  possible  the  adoption  of  electricity 
for  automobiles,  as  was  proved  by  the  Paris  cab  trials  of  1898, 
1899,  and  1902. 

The  storage  batteries  or  accumulators  used  in  electric  auiomobiles 
are  adaptations  of  the  storage  batteries  used  for  electric  lighting,  but 
are  much  lighter  and  give  a  greater  output,  weight  for  weight ;  they 
are  also  made  to  bear  over-discharge,  and  the  wear  and  tear  of  rough 
travelling.  The  active  agents  in  general  use  are  lead  and  dilute 
sulpliuric  acid.  The  storage  batteries  may  be  divided  broadly  into 
two  classes ;  namely,  the  *'  to-be-formed,"  or  Plants  kind  (1873) ;  and 
the  "pasted,"  or  formed  Faure  kind  (1881).  The  object  of  both 
processes  is  to  produce  a  couple  consisting  ot  a  positive  electrode 
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of  lead  oxide,  and  a  negative  electrode  of  lead  in  a  solution  of 
sulphuric  acid  and  water.  Peroxide  of  lead  is  formed  on  the  positive, 
and  pure  lead  on  the  negative,  by  the  process  of  charging;  and 
energy  is  stored  which  is  given  up  on  discharging  the  battery,  when 
the  electrodes  return  to  their  first  state  of  lead  sulphate.  The  pasted 
cell  is  lighter  than  the  other,  and  is  more  generally  used  in  electric 
automobiles. 

Accumulators  have  been  adapted  for  automobile  use  in  a  number 
of  ways  that  have  been  summarised  by  Mr.  H,  F.  Joel.  The 
mechanical  details  of  the  supporting  grids  have  been  modified  to 
allow  full  expansion  of  the  paste  and  to  avoid  sulphating ;  the 
specific  gravity  of  the  electrolyte  has  been  increased  from  between 
1-05  and  1*20  to  between  11 5  and  130,  with  consequent  decrease  of 
volume  and  weight,  and  increase  of  output ;  the  active  material,  the 
paste,  has  been  improved  in  chemical  composition,  and  also  has  been 
mixed  with  inert  materials  in  order  to  make  it  more  coherent  and 
porous.  As  a  result,  automobile  batteries  give,  weight  for  weight, 
three  to  four  times  the  output  of  batteries  used  for  electric  lighting. 
The  use  of  zinc  with  peroxide  of  lead  gives  a  higher  electromotive 
force  (according  to  Wheatstone  2*446  volts)  than  lead  and  lead  per- 
oxide, but  necessitates  the  use  of  porous  pots.  Such  a  battery  has 
the  advantage  that  it  can  be  quickly  charged,  and  the  whole  energy 
can  be  stored  in  1  or  2  hours.  A  zinc  and  peroxide  of  lead  battery 
of  120  ampere-hours  can  be  charged  at  90  amperes  for  2  hours,  and 
dischai^ed  at  20  amperes  to  1 00  amperes. 

Every  battery  which  does  not  give  an  appreciable  quantity  ot 
volatile  products  can  constitute,  theoretically,  an  electric  accumu- 
lator, but  as  yet  good  results  have  been  obtained  with  the  three 
following  combinations  only: — (a)  Lead-and-lead  accumulator,  with 
sulphuric  acid  and  water ;  (6)  Lead-and-zinc  accumulator,  with  sul- 
phuric acid  and  water ;  and  (c)  Zinc  and  copper  accumulator,  with 
potash  or  caustic  soda  solution.  The  last  gives  only  a  small  E.M.F., 
0-H  volt  per  cell.  The  second  would  give  a  considerable  E.M.F., 
say  24  volts,  and  its  zinc  negative  plates  would  be  much  lighter 
than  lead  plates ;  but  the  difficulties  in  charging  have  been  regarded 
up  to  the  present  time  as  prohibitory.  However,  Riker,  of  Brooklyn, 
employs  accumulators  of  lead  and  zinc,  some  details  of  which  are 
given  when  mentioning  his  cars  (see  p.  724),  and  the  possibility  of 
employing  a  lighter  substance  than   lead,   and   capable   of  forming 
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a  powerful  and  efficient  accumulator,  is  not  despaired  of.  Pisca 
does  not  doubt  the  ultimate  issue :  "  The  theory  is  formed,"  he 
says,  "we  must  compel  the  substances  selected  to  follow  the 
path  hidden  by  the  difficulties  of  execution  but  indicated  by 
calculation."  Edison  has  raised  hopes — probably  vain  ones — of  u 
lighter  and  more  powerful  accumulator  {see  p.  313). 

The  lead-and-lead  accumulator  for  traction  consists  of  spongy 
lead  negative  plates  and  of  peroxidised  lead  positive  plates  dipping 
into  dilute  sulphuric  acid.  The  difficulty  is  to  obtain  a  sufficient 
adhesion  between  the  active  material  and  its  support  to  resist 
variations  of  volume  and  cohesion  inseparable  from  periodical 
transformations  upon  which  the  working  of  the  accunmlator  depends. 
Usually  the  support  consists  of  grids  in  which  pellets  of  the  active 
material  are  placed.  Sometimes,  as  in  the  Phoebus  accumulator, 
the  material  is  placed  between  two  inter-crossing  gratings,  in  which 
case  it  forms  a  continuous  piece.  In  accumulators  intended  for 
traction,  the  difficulty  of  getting  sufficient  adhesion  is  aggravated 
by  the  necessity  of  reducing  the  weight  of  the  supporting 
grid  as  much  as  possible  in  order  to  increase  specific  power  and 
energy;  also,  the  vibrations  tend  to  detach  the  active  material 
When  the  latter  is  formed  without  pasting,  the  cell  is  of  the 
Plants  type.  The  method  is  little  employed,  on  account  of  the  long 
time  taken  to  form  the  battery.  In  nearly  every  case  the 
mechanically  deposited  pasted  formation  is  employed.  This  type, 
invented  by  Faure,  adapts  itself  to  the  most  varied  forms  of  the 
grids,  which  secure  the  pellets  of  active  material.  To  obtain  in 
this  type  a  considerable  specific  discharge  and  capacity  very  thick 
plates  must  be  avoided,  as  also  excessively  wide  sockets,  which 
would  not  give  the  active  material  sufficient  contact  with  the  support 
and  electrolyte.  It  may  then  be  concluded  with  Hospitaller  that, 
until  further  developments,  traction  accumulators  will  be  all  or 
nearly  all  lead-and-lead  accumulators  (ordinary  soft  lead  for  negative 
plates  and  antimony-lead  for  positive)  of  Faure  formation,  and 
mechanically  applied  oxides.  Certain  accumulators  are  seen  with 
positives  of  the  Plante  formation.  Wallace  Jones  considers  that 
this  mixed  system  will  supersede  others.  Wythe  Smith  goes 
further,  and  considers  that  perhaps  the  Plante  element,  more  or 
less  modified,  will  have  to  be  adopted.  Connection  between  the 
various  plates  is  made  by  cross-pieces  of  the  same  metal,  or  alloy, 
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as  the  plates  themselves,  that  is,  of  soft-lead  and  antimony-lead. 
The  cross-pieces  are  fastened  by  screwed  bolts  and  nuts  of 
antimony-lead,  if  it  is  wished  to  be  able  to  take  the  elements 
apart 

To  prevent  contact  between  the  positive  and  negative  plates, 
round  indiarubber  rings,  5  mm.  to  8  mm.  (02  in.  to  0*3  in.) 
in  diameter,  are  placed  at  the  edges  of  the  plates;  they  are 
vertical,  so  as  not  to  facilitate  short  circuits  by  arresting  detached 
particles  of  the  active  material.  For  traction  accumulators  very 
thin  sheets  of  ebonite  or  of  celluloid  are  often  employed  perforated 
¥rith  holes  from  1  mm.  to  2  mm.  (0*04j  in.  to  008  in.)  in  diameter, 
the  total  area  being  equal  to  at  least  one-third  the  area  of  the 
sheets.  Thus  the  resistance  to  the  current  is  negligible,  and  the 
sheets  are  perfect  safeguards  against  short  circuits.  Although 
a  strong  solution  of  sulphuric  acid  is  not  very  favourable  to 
preservation  of  the  electrodes,  Hospitalier  does  not  hesitate  to 
recommend  it  for  this  type;  a  density  of  1*32  (35°  Baume)  seems 
to  him  necessary  to  obtain  a  sufficient  E.M.F.  discharge  and  to 
reduce  the  weight  carried.  It  is  also  for  this  last  reason  that  the 
receptacles  are  made  as  light  as  possible;  celluloid,  which  is  being 
abandoned,  would  be  the  ideal  material  were  it  not  so  inflammable ; 
in  fact,  it  has  caused  several  fires.  Ebonite  is  now  used;  perhaps 
some  day  it  will  be  possible  to  employ  ambroine,  pegamoid,  canvas 
lacquered  hot  under  pressure,  or  compressed  cardboard  coated  with 
indiarubber  or  lacquered.  The  lid  must  be  sealed  to  prevent 
spilling  of  the  liquid  during  the  journey,  but  a  small  hole  is  made 
in  it  to  allow  the  gases  to  escape  during  the  charge.  Dimensions 
of  the  grids  may  vary  much,  but  their  number  remains  constant 
at  about  40  or  44,  owing  to  the  advantage  there  is  in  being  able, 
when  charging  them,  to  place  them  on  the  ordinary  supply 
circuits  at  110  volts  and  for  changes  of  speed  to  divide  them 
into  four  equal  batteries.  Some  constructors,  like  Bouquet, 
Garcin  and  Schivre,  and  Patin,  employ  special  accumulators, 
regarding  which  they  give  hardly  any  details.  Most  makers 
employ  ordinary  commercial  types  which  there  has  not  been 
time  to  adapt  to  their  new  service.  In  addition  to  those  about 
to  be  described,  those  of  Gadot,  Faure-King,  and  Bristol  may  be 
mentioned. 

The   Lamina  accumulator   of   the    Plante    type  (Fig.   294)    was 
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employed  by  Elieson.     Each  of  its  plates  is  formed  by  a  number  of 
sheets  of  lead  perforated  and  corrugated  horizontally  and  vertically 
alternately.     This  shape  gives  the  plates  great  surface  and  free  cir- 
culation to  the  acid.     The  plates  are  enclosed  in  a  perforated  lead 
casing,   which,   says    the    inventor,   maintains   the    active   material 
very  welL     It  is  stated  that  the  accumulator  can  be  short-circuited 
without  any  deterioration,  and  this  last  advantage  is  valuable  if  it 
exist*.     The  type  17 5  cm.  (GO  In.)  long,  10  cm.  (394  in.)  thick,  and 
325  cm.  (12-8  in.)  high,  havinjf  a  quantity  capacity  of  100  ampere- 
hours  with  a  dischai^ing  current   of  20  amperes,  and  120  ampere- 
hours  with    10    amperes, 
weighs  12-23  kg.  (27  lb.). 
A   battery  of  forty    cells 
giving   8    available  ki!i> 
watt-hours  weighs  500  kg. 
(1.100   lb.).       Thus    the 
weight     of    battery     per 
kilowatt-hour    is    62  kg'. 
(136-4   lb.)   with    a    dis- 
charge of  from  3  to  :io 
watts  per  kg.  (136  to  l-5!l 
watts  per  lb). 

The  Elieson-Bobinsky 
accumulator     is     a     new 

type    with    plates     eom- 

Fig.  2S4.— Lamina  ActlJiVLAiuK.  ^    ■,        ,     .       ,      -  >  ■ 

posed    of    lead    m    thin 

ribbons,  one  ribbon  being  straight  and  the  next  corrugated.      They 

are  packed  side  by  side,  and  otter  a  lai^  surface  to  the  electrolyte. 

The  cell,   with   two   positives   and   three   negatives,   weighs   10  kg. 

(22   lb.)  complete,  and    gives    100    amp&re-hours    on    a    live-hour 

discharge  rate. 

The  Fulmen  accumulator  is  by  far  the  most  commonly  employed 

up  to  the  present  time,  at  least  by  French  constructors.      Figs.  20;) 

and  29(!,  reproduced   from   a  photograph,  show  the  two  parts  of  a 

plate,  and  Fig.  2S17  its  aspect  when  assembled.     The  very  light  grids 

are  of  cast  antimony-lead.     In  the  type  illustrated  they  are  divide*! 

by  transversal  and  longitudinal  bars  into  thirty  compartments,  eadi 

subdivided  into  a  dozen  small  cells.     One  of  the  frames  has  roumi 

dowels  or   pins,   corresponding   to  openings  cast   in  the  other,  inio 
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which  they  enter  when  the  plates  are  paired.  The  sides  of  the 
frame  slant  inwards,  and  all  the  inner  bars  are  triangular  in 
section,  having  one  angle  likewise  inwards,  so  that  the  hollows 
formed  between  these  frames  are  dovetails  in  which  the  inlaid 
oxide  is  held  fast.  At  the  same  time  as  the  active  material  is 
beii^  suitably  compressed  the  pins  of  one  frame  are  forced  into 
the  holes  in  the  other,  and,  thus  firmly  secured,  the  plate  contains. 
Bet  in  its  squares,  360  pellets.  The  plates  thus  formed  are  placed 
in  ebonite  cases,  and  rest  on  cross-pieces  also  o£  ebonite.  The 
ebonite  Hd  has  an  opening  for  filling,  and  for  the  passage  of  the 


connecting  strips,  the  hole  being  closed  by  a  plug  and  pure  india- 
rubber  washera  Uospitalier,  who  tested  this  accumulator  in  his 
laboratory,  supplies  the  following  particulars : — The  cell  (B  13) 
which  he  more  especially  studied  contains  13  plates.  An  element 
always  has  an  odd  number  of  plates  in  order  to  enclose  the 
positives  by  negatives ;  without  this  precaution  the  positives,  being 
unequally  attacked,  would  be  warped.  The  plates  are  18'5  cm- 
(7-3  in.)  high,  95  cm.  (37  in.)  wide,  and  4  mm.  (016  ia)  thick, 
forming  a  checker  of  24  rectangular  pockets.  With  these  separate 
piat«s,  and  the  celluloid  ease,  it  weighed  75  kg.  (165  lb.).  With 
ebonite,  which  is  now  exclusively  employed  for  making  the  boxes 
instead  of  celluloid,  owing  to  the  inflammability  of  the  latter,  there 
is  an  increase  in  weight  of  3  per  cent.     During  5  hours  It  supplies 
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normally  a  current  of  21  amperes — that  is,  1  ampere  per  dm-*  of 
surface  in  the  positive  plate ;  moreover,  it  can  give,  with  reduction 
in  its  capacity,  up  to  50  amperes  in  continuous  discharge,  and 
100  amperes  for  an  instant.  At  the  normal  discharge  in  5  hours, 
the  E.M.F.  of  a  single  cell  is  1*9  volts  on  the  average ;  the  capacity 
is  106  ampere  hours,  and  the  power  21  amperes  x  1*9  volte, 
equals  40  watts ;  the  available  energy  is  200  watt-hours.  If  these 
various  figures  are  divided  by  the  weight  7*5  kg.  (165  lb.)  of 
the  element,  most  of  the  specific  constants  given  in  the  second 
column  of  the  following  table  are  obtained. 
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It  must  not  be  forgotten,  when  fixing  the  specific  constants  of 
the  battery  to  be  used,  that  the  more  moderate  their  rates  of 
discharge  the  longer  do  they  last. 

The  Faure-Sellon-Volckmar  accumulator  made  by  Vails  and 
Co.  has  pure  lead  negative  plates  with  very  small  pockets  (Fig. 
298).  The  positive  plates  (Fig.  299),  also  of  pure  lead  (the  use 
of  soft  lead  compensates  for  the  gradual  fall  of  the  active 
material),  have  a  rather  thick  core  upon  which  are  horizontal  and 
vertical  grooves  arranged  to  prevent  loss  of  the  general  rigidity. 
A  thin  sheet  of  perforated  ebonite  placed  on  the  plates  prevents 
the  fall  of  the  active  material,  and  another  corrugated  plate  assures 
insulation.  The  ebonite  cases  are  shut  or  simply  covered  with  a 
plate  of  the  same  substance  to  prevent   the  liquid  being  spilled 
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Tha  normal  cell  has  23  square  plates,  each  145  cm,  (57  in.) 
wide,  and  weighs  1595  kg.  (35  lb.).  The  light  and  extra  light 
cells  have  respectively  19  and  13  plates,  and  weigh  114  kg.  (25 
lb.)  and  8  kg.  (17-6  lb.).  It  gives  a  current  of  35  amperes  for 
5  hours,  that  is,  0'54  amperes  per  dm.'  of  positive  surface ;  the 
E.M,F.  averages  19  volts;  capacity,  135  ampere-hours;  power,  48 
watts ;  available  energy,  240  watt-hours.  The  specific  constants  are 
given  in  the  table  on  p.  306. 

In   the    Pulvis    accumulator   the    positive    plates    are    of   lead 
about    9   mm.   (035   ia)  thick,   and    on   both    the    surfaces   there 


Fig'.  298  and  290. — FAtrl(E-8Ei.LON-Voi.cEiiAB  NsaATiyE  akd  Positive  Flateb. 

are  horizontal  grooves  very  close  together  which  are  filled  with 
impalpable  lead  powder.  The  negatives  are  similar  to  the  posi- 
tives, only  the  plates  are  thinner  and  they  have  horizontal  ribs  at 
intervals  of  4  ram.  to  5  mm.  (016  in.  to  02  in.),  with  a  dove- 
tail profile  to  better  retain  the  active  material  The  ends  of  the 
connections  are  soldered  to  a  cylindrical  lead  bar  which  has  a 
copper  core.  The  plates  rest  on  two  ambroine  prisms,  intended 
to  form  a  free  space  between  the  plates  and  the  bottom  of  the  boxes, 
which  are  also  of  ebonite ;  they  are  separated  by  sheets  of 
eljonite,  corrugated  and  perforated.  The  cell  T  7  is  composed  of 
7  plates,  15  cm.  x  19  cm.  (59  in.  x  75  in.),  and  weighs  16  kg. 
(35-2  lb.).  It  gives  a  current  of  30  amperes  for  5  hours,  say  0156 
amperes,  per  dm.'  of  working  positive  surface ;  the  working  E.M.F. 
u  2 
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is  1-95  volts;   capacity,  150  ampere-hours;  power,  30  amperes  x  195 
Toits,  equals  585  watts;   available  energy,  202  watt-hours. 

The  accumulator  of  the  Soci^t^  Auonyme  pour  le  Travail 
Slectrique  des  M^taux  has  the  negative  plates,  based  on  the 
Faure  type,  formed  by  a  lead  grid  serving  as  support  to  spongj- 
lead  pellets  obtained  by  reducing  lead  chlorida  The  positive 
plates,  of  the  Flante  type,  are  formed  by  corrugated  bands  of 
lead  superposed  and  united  with  each  other  by  a  special  process. 
The  cells  actually  employed  for  the  cabs  of  the  Paris  Compagnie 
G^n^rale  des  Yoitures  consisted  of  13  plates,  each  measuring  210  mm. 
X  110  mm.  (8'26  in.  x  43  in.),  resting  on  an  ebonite  support  and  sepa- 
rated by  corrugated  and  perforated  ebonite  plates ;  they  were  enclosed 


in  ebonite  cases  and  weighed  17  kg.  (374  Tib.).  They  normally  gave 
a  current  of  377  amperes  for  SJ  hours,  say  13  amperes  per  duL- 
of  positive  working  surface  ;  the  useful  E.M.F.  was  19  volts  ;  capacity, 
132  ampere-hours;  power,  71  watts;  available  eneigy,  250  watt- 
hours.     Specific  constants  are  given  in  the   table  on  p.  306. 

The  Bouquet,  Garcin  and  Schivre  accumulator  has  no  particular 
feature  from  the  structural  point  of  view.  The  inventors,  however, 
claim  for  it  an  exceptional  specific  capacity  (20  to  22  ampere- 
hours).  On  an  automobile  at  the  normal  rate  of  discharge  in  six 
hours  the  battery  of  15  plates  would  give  one  horse-power  hour 
with  a  weight  of  about  126  kg.  (277  lb.).  A  recent  type  has  a 
greater  specific  efficiency  and  occupies  less  space. 

The  Phijebus  accumulator  constructed  by  Kaindler  has  its  active 
material  placed  between  two  parallel  grids  made  of  antimony-lead, 
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and  strongly  fastened  together;  this  material  thus  forms  one 
continuous  mass  instead  of  being  in  separate  pellets.  The  ordinary 
cell  comprises  18  plates,  each  95  mm.  (3*74  in.)  wide,  and  160  mm. 
(6"3  in.)  high;  it  weighs  7*85  kg.  (17-3  lb.),  ^^^  normally  is  dis- 
charged in  8  hours  (see  the  table  on  p.  306). 

The  Pisca  accumulator  is  constructed  with  a  view  to  lasting 
power  rather  than  great  specific  capacity;   the  plates  vary  from 

3  mm.  to  4  mm.  (012  in.  to  016  in.)  in  thickness,  the  negative 
plates  being  a  little  thinner  than  the  positive ;  their  edges  slide  in 
the  vertical  grooves  in  two  opposite  sides  of  the  ebonite  case, 
which  has  a  lid  with  double  partition  that  prevents  the  acid  from 
being  spilled  without  impeding  the  escape  of  the  gases.  The 
normal  discharge  takes  3  hours;  if  it  is  effected  in  1|  hours  the 
capacity  is  only  92  per  cent,  of  its  normal  value;  if,  on  the 
contrary,  it  is  extended  over  6  hours  the  capacity  is  increased 
by  20  per  cent.  The  average  cell  having  13  plates  weighs  21  kg. 
(46  lb.)  (8ee  the  table  on  p.  306). 

The  Blot-Fulmen  accumulator  is  made  of  Blot  positive  shuttle 
plates  of  the  Plante  type  and  Fulmen  negatives.  These  plates 
rest  on  supports  placed  on  the  bottom  of  the  ebonite  case,  and 
are  insulated  by  sheets  of  corrugated  and  perforated  ebonite;  the 
connections  are  made  of  antimony-lead.  The  positive  plates, 
8  mm.   (0315  in.)  thick,  weigh   560  g.  (19*74  oz.);  the  negatives, 

4  mm.  (0*16  in.)  thick,  weigh  300  g.  (10*6  oz.).  Its  capacity  is 
twelve  ampere-hours.  The  number  of  plates  varies  from  11 
to  25 ;  the  element  of  21  plates  employed  by  Jenatzy  for  the 
delivery  cart  of  the  Magasins  du  Louvre,  shown  in  1899,  weighs 
25  kg.  (55  lb.),  and  has  capacities  of  250,  230,  200  ampere-hours 
with  respective  discharges  in  10,  5  and  3  hours. 

The  de  Dion-Bouton  new  accumulator  employed  on  the  light 
electric  car  consists  of  44  cells  of  200  ampere  hours'  capacity.  The 
large  cell  contains  21  plates,  with  ebonite  separators  between  them, 
and  the  special  form  of  grid  used  (Fig.  300)  consists  of  a  stout 
framework  between  two  lighter  frames  or  networks,  whose  meshes 
overlap  each  other.  This  grid  is  rigid,  and  holds  the  paste  well, 
but  presumably  is  expensive  to  manufacture.  No  particulars  are 
obtainable  with  regard  to  the  specific  weight  of  this  battery. 

Figa  301  and  302  are  face  view  and  enlarged  section  of  the 
Rosenthal  or  National  electrode  ;    the  supporting  grid  is  covered 
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entirely  by  the  active  material,  of  which  there  is  a  much  larger 
amount  in  proportion  to  the  lead  conductor  than  in  any  other  cell, 
according  to  H.  F.  Joel.  In  a  cell  (Fig.  303)  these  electrodes  are 
held  in  position  by  vertical  rubber  bands,  upon  which  the  electrodes 
rest  A  complete  cell  weighs  10-6  kg.  (23-5  lb.),  measures  externally 
16'2  cm.  by  102  cm.  by  254  cm.  (6375  in.  by  4  in.  by  10  in.),  and  its 
output  is  180  ampere-hours,  about  360  watt-hours.  A  group  of  eight 
complete  cells  (Fig.  304)  arranged  in  a  portable  tray  ready  for  use 
in  a  car  weighs  91  kg.  (200  lb.),  measures  85  cm.   by  21G  cm.  by 


30'5  cm.  (335  in.  by  85  in.  by  12  in.  high),  and  its  maximuio  output 
13  2,880  watt-hours,  equal  to  3'86  h.-p.  hours,  this  being  at  the  rate 
of  23-6  kg.  (52  lb.)  of  battery  per  h.-p.  hour. 

The  Ideal  accunudator  is  used  on  the  Still  electric  vehicles ;  each 
cell,  about  15-24  cm.  by  127  cm.  by  889  cm.  (6  in.  by  5  in.  by  35 in.). 
contains  four  pairs  of  plates  which  are  of  the  Faure  tj-pe,  each  being 
of  lead,  pasted  as  usual.  In  the  plates,  strips  are  cut  horizon- 
tally, these  strips  being  twisted  like  the  laths  of  a  Venetian  blind 
Three  rubber  bands  keep  each  plate  together  and  allow  lor  expansioa 
and  contraction,  and  ebonite  feet  and  forks  are  placed  under  and 
between  the  plates.     The  normal  charging  rate  is  20  amperes  for  3 
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hours,  but  in  emei^nciea  the  full  charge  can  be  given  in  1^  hours. 
The  normal  discharge  is  from  12  to  15  amperes,  but  on  occasion  from 
40  to  50  amperes  can  be  obtained  without  injuring  the  battery.     A 


capacity  of  22  watt-hours  per  kg.  (10  watt-hours  per  lb.)  of  plate  is 
claimed  by  the  makers,  and  though  this  is  not  very  high,  the  known 
long  Ufe  of  the  Ideal  cell  is  a  compensation. 


Fig.  sot  Fig.  SOS.  Fig  «oe.  Fig.  SOT.  Fig.  SOS. 

Fign.  301  and  305. — Popk  Blbctbodi.        Tig.  306, — Phiemx  Electrodb. 
Fig*.  307  and  308.— Elicthodb  i.8ed  by  Sohzi^e,  LsirxBe,  Btc 

The  Pope  (American)  electrode  (Fig.  304)  is  formed  of  a  number 
of  the  cylinders  shown  in  section  by  Fig,  305,  the  active  material  being 
pasted  in  the  spirals  of  the  central  support,  and  being  kept  in  place 
by  spiral  insulating  tape  or  bands. 


312  THE   AUTOMOBILE. 

The  electrode  of  the  Phcenix  accumulator  (French)  is  a  cylinder 
(Fig.  306)  vith  the  active  material  placed  round  a  central  rod  and 
kept  in  position  by  a  pile  of  ebonite  discs  which  surround  it. 

An  electrode  formed  with  a  central  plate  of  thin  sheet  lead 
containing  holes  or  slots,  the  active  material  entirely  covering  the 
conducting  plate  is  shown  in  face  view  and  enlarged  section  by 
Figa.  307  and  308 ;  this  has  been  used  by  Somzt^,  Joel  and  Eaton 
in  1882,  and  Crowdus,  Leitner,  and  others  in  1899. 

The  Hart  accumulator  for  automobile  use  has  a  "lattice"  t)-pe 
of  negative,  while  the  positive  plate  is  an  open  latticework  of  cast 
lead  (see  Figs.  309  and  310),  whose  flat  horizontal  portions.  A,  are 
united  by  vertical  conductors,  B.  The  grid  is  rolled  to  turn  up 
the  projecting  edges  of  the  extending  horizontal  part,  and  so  form 


Fig.  SOB,  Fig.  SIO. 

a  number  of  recesses  which  well  hold  the  active  material  after 
pasting.  The  positive  plates,  before  putting  in  position,  are  wrapped 
twice  with  a  thin  porous  silicious  cloth,  which  is  said  to  be  unacted 
upon  by  acid.  Then  they  are  secured  by  perforated  ribbed  separa- 
tors. Three  sizes,  for  discharging  in  10  hours,  have  capacities  of 
80,  120,  and  160  ampere  hours  respectively,  their  weights  being 
77  kg.,  10-9  kg.,  and  15  kg.  (17  lb.,  24  lb,  and  33  lb.).  Thus  the 
capacity  is  19'8  watt  hours  per  1  kg.  (9  watt  hours  per  1  lb.). 

The  Oppermann  accumulator  has  very  thin  open  plates,  all 
pasted,  and  the  edges  are  angular.  By  means  of  rods  of  insulating 
material  passing  through  two  holes,  one  above  the  other  in  every 
plate,  the  whole  section  can  be  bolted  up  tight  against  the  separa- 
tors, which  each  consists  of  two  thin  sheets  of  perforated  ebonite, 
held  apart  by  vertical  strips  or  ribs.  The  section  is  firm  and  rigid, 
and  the  paste  cannot  be  dislodged.      One  cell  contains  11  plates, 
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weighing  9*54  kg.  (21  lb.),  and  the  total  weight  of  the  cell  is  109  kg. 
(24  lb.),  and  is  claimed  to  give  198  ampere  hours;  whilst  owing 
to  the  high  voltage  of  the  discharge,  at  least  400  watt  hours  is  the 
output.  This  works  out  at  nearly  37  5  watt  hours  per  1  kg.  (nearly 
17  watt  hours  per  1  lb.),  and  it  is  said  that  these  figures  have  been 
verified  by  Sir  William  Preece.  On  an  Oppermann  delivery  van, 
built  for  the  Post  Office,  there  are  40  cells,  having  a  total  capacity 
of  160  ampere  hours;   these  energise  a  3-h.p.  motor. 

Hagen  accumulators  closely  resemble  the  Tudor,  and  until  recently 
had  a  positive  plate  with  ribs  forming  projections ;  but  now  an  "  all 
through  "  type  of  plate  (Fig.  311)  is  adopted,  the  ribs  or  laminations 
being  connected  only  by  vertical  stays,  and  there  being  clear  spaces 
between  them.    This  is  becoming  general  practice. 

The  Max  accumulator  has  plates  built  up  of  lead  wire  rod,  plated 
with  antimony  and  covered  with  litharge  and  forming  a  pencil 
about  457  mm.  ('18  in,)  in  diameter.  The  rods  have  woven  asbestos 
covers,  and  are  lead-burnt  £o  form  plates.  The  top  of  each  plate 
connects  the  rods  together  and  is  of  a  zigzag  pattern,  and  a  zigzag 
ebonite  separator,  corresponding  with  it,  is  placed  at  both  top  and 
bottom,  between  every  two  plates  ;  the  asbestos  serves  as  a  separator 
elsewhere.  The  construction  is  made  quite  clear  in  Figs.  312 
and  313. 

In  A.  T.  Edison's  new  accumulator  much  interest  has  been  evinced 
since  June,  1901,  when  Dr.  Eennelly  read  a  paper  upon  it  at  the 
American  Institute  of  Electrical  Engineers.  The  accumulator  may 
very  shortly  be  on  the  market,  and  until  then  it  is  not  advisable  to 
express  any  opinion  as  to  its  merits ;  however,  the  claim  is  set  up 
that  it  will  answer  admirably  for  automobiles.  It  is  a  nickel-iron  cell, 
the  negative  pole  or  positive  element  being  of  iron  and  corresponding 
to  the  zinc  of  a  primary  cell  or  the  spongy  element  of  a  secondary 
cell,  whilst  the  positive  pole  or  negative  element,  corresponding  to 
the  carbon  of  a  primary  cell  or  lead  peroxide  of  a  secondary  cell,  is  a 
superoxide  of  nickel.  The  structural  material  is  nickel-steel  and  the 
electrolyte  is  an  aqueous  solution  containing  preferably  20  per  cent, 
by  weight  of  potassium  hydroxide  (potash),  the  freezing  point  of  the 
electrolyte  being  -  30°  C.  (=29^  F.).  According  to  Dr.  Kennelly's  paper, 
the  positive  and  negative  plates  have  the  same  structure  mechanically, 
only  the  chemical  contents  of  their  pockets  diifering.  Each  plate  is  a 
sheet  of  steel  061  mm.  (024  in.)  thick  in  which  rectangular  holes 
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have  been  stamped  to  torm  a  grid.  A  typical  plate  has  three  rows  of 
eight  holes,  twenty-four  holes  in  all,  and  each  hole  or  recess  is  filled 
with  the  pocket  or  shallow  box  of  nickel-plated  steel  containing  the 
active  material,  the  pockets  projecting  slightly  beyond  the  surface  of 
the  steel  grid.  The  pockets  are  perforated  with  numerous  fine  holes 
to  admit  the  electrolyte  to  the  active  material,  which  is  In  the  form  ot 
rectangular  cakes  or  briquettes.     After  the  boxes  of  active  material 


Fig.  31!2.^ — Max  AccuMVLAToH.  h'ig.  313. — Uax  Electkodeh. 

have  been  placed  in  the  grid,  the  whole  is  subjected  to  great  pressure 
BO  as  to  close  the  boxes  and  clamp  the  whole  mass  into  one  solid  and 
rigid  steel  plate.  The  nickel-plating  of  both  grids  and  boxes  assures 
good  electrical  connection  between  them.  The  positive  briquettes, 
corresponding  to  zinc  in  a  primary  cell,  are  made  by  mixing  and 
compressing  together  a  linely  divided  iron  compound  with  a  nearly 
equal  volume  of  flakes  of  graphite,  the  tatter  not  having  any 
chemical  action,  but  merely  assisting  the  conductivity  of  tbe 
briquettes.  The  negative  briquettes,  corresponding  to  the  carbon  in  a 
primary  cell,  are  made  as  above,  a  nickel  compound  being  substituted 
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for  the  iron.  The  weight  of  the  electrolyte  is  expected  to  be  not  more 
than  about  20  per  cent,  of  the  weight  of  the  plate  or  14  per  cent,  that  of 
the  whole  cell.  Dr.  Kennelly  gives  the  initial  voltage  of  discharge  after 
recent  charging  as  15  volts,  and  the  mean  voltage  of  full  discharge  as 
1*1  volts  approximately.  The  normal  discharging  current  rate  is  093 
ampere  per  dm.^  (8*64  amperes  per  sq.  ft.),  and  the  storage  capacity  of 
the  cell  per  unit  of  totaj  mass  is  30*85  watt-hours  per  kg.  (14  watt- 
hours  per  lb.) :  that  is,  the  battery  weighs  324  kg.  (71*28  lb.)  per 
kilowatt-hour  or  24*2  kg.  (53*3  lb.)  per  electrical  horse-power-hour. 
The  mean  normal  discharging  rate  is  882  watts  per  kg.  (4  watts  per 
lb.),  but  the  cell  may  be  discharged  at  a  relatively  high  rate  in  one 
hour  approximately  at  a  rate  of  26*46  watts  per  kg.  (12  watts  per  lb.). 
Dr.  Kennelly  says  that  the  Edison  cell  does  not  appear  to  be  injured  by 
overcharging  or  high  rates  of  discharging,  only  the  electrical  efficiency 
suftering  under  such  treatment.  Only  every-day  practice  under  the 
hard  conditions  of  traction  will  show  whether  all  the  claims  made  for 
this  cell  can  be  substantiated  in  fact. 

The  table  given  on  p.  306  demonstrates  how  the  specific  constants 
vary  from  one  system  to  another,  but  as  other  interesting  elements 
are  not  there  estimated,  such  as  durability,  the  figures  there  given 
are  far  from  comparable.  Their  diversity  proves  only  that  the 
tjrpical  characteristics  of  the  traction  accumulator  are  yet  far  from 
being  well  defined.  It  was  with  the  object  of  supplying  this 
deficiency  that  the  Automobile  Club  of  France  organised  a  trial 
competition,  which  was  held  in  November,  1899,  and  which  continued 
until  all  the  batteries  were  out  of  service,  although  a  period  of 
six  months  was  not  to  be  exceeded.  Its  lessons  cannot  fail  to 
be  instructive,  and  to  be  the  source  of  considerable  progress.  The 
figures  given  in  the  table  on  p.  306  were  determined  by  testing 
fixed  cells,  but  they  may  be  accepted  for  automobile  accumulators, 
because  the  periods  of  rest  which  frequently  interrupted  the  dis- 
charge of  traction  accumulators  and  the  motion  in  running  favour 
diffusion  of  the  liquid ;  consequently  they  permit  calculation  of 
the  weight  of  accumulators  necessary  to  run  an  automobile  of  a 
certain  weight  in  certain  known  conditions  of  speed  and  of  road 
profile.  To  assure  propulsion  of  a  car  weighing  one  tonne 
(practically  one  ton)  at  a  speed  of  18  km.  per  hour  (5  m.  per  second), 
quite  sufficient  for  town  work,  it  is  requisite,  with  a  co-efficient  of 
traction  of  2*5  per  cent.  (25  kg.  per  tonne)  (56  lb.  per  ton),  to  give 
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at  the  wheel  tyre  a  power  of  25  x  5  =  125  kgm.  (904  ft.-lb.), 
this  being  the  equivalent  of  about  1,250  watts.  Assuming  efficiencies 
of  0*8  for  the  electric    motor,   and    0*9   for  transmission  from  its 

shaft  to  the  axle,  the  accumulators  should  furnish  -—--^^ =  sav> 

0-9  X  0-8 

1,800  watts.     They  will  be  able  to  do  so  at  the  rate  of  5  watts  per  kg. 

if  their  weight  is  \^^  =  360   kg.    (792  lb),  say  36  per  cent  of 

o 

that  of  the  car;  and  smce  in  1  hour  they  will  expend  18,000  watt- 
hours  to  run  the  car  for  18  km.  (11*2  miles),  this  will  be  equivalent 
to  an  expenditure  of  100  watt-hours  per  kilometre  tonne  (a  kilometre 
tonne  is  equivalent  to  the  work  done  in  conveying  1  ton  for  0*6 
mile).  These  figures  are  somewhat  greater  than  those  obtained  by 
Morris  and  Salom  at  Chicago,  which  varied  from  84  to  92  watt- 
hours  per  kilometre  tonne;  but,  as  Hospitalier  remarks,  the  ex- 
periments of  the  American  engineers  were  made  in  emmently 
favourable  circumstances,  and  the  roads,  especially,  were  very 
level.  The  hackney  carriage  trials  of  1898  demonstrated  that  the 
expenditure  could  be  reduced  to  80  watt-hours  per  kilometre  tonne. 
The  accumulators  giving  25  watt-hours  per  kg.  (22  lb.)  can  keep 
up  this  speed  of  18  km.  (112  miles)  per  hour  for  5  hours;  that 
is,  they  can  run  the  car  18  x  5  =  90  km.  (56  miles)  without  re- 
charging. Hospitalier  thought  these  figures  should  be  reduced  by 
one-third  so  as  to  reckon  losses  due  to  stoppages,  starting,  errors 
in  steering,  and  rising  gradients.  The  vehicles  which  took  part  in 
the  French  hackney  carriage  trials  of  June,  1898,  in  nearly  every  case 
ran  considerably  further  than  the  prescribed  60  km.  (37  miles), 
and  one  of  them  even  travelled  105  km.  (65*23  miles).  Yet  in  none 
of  these  vehicles  did  the  proportional  weight  of  the  accumulators 
reach  36  per  cent,  of  the  total  weight  when  loaded ;  it  varied  from 
26  per  cent,  to  32  per  cent.  With  such  a  proportion  there  is  a 
somewhat  large  margin  for  the  weights  of  the  motor  of  the  trans- 
mission gear  and  of  the  car  and  the  passengers.  Hospitalier  estimates 
the  relative  weights  of  the  various  parts  composing  a  car  to  caiTy 
two  passengers  and  driver  to  be  as  in  the  table  on  next  page. 

The  figures  in  the  last  two  columns  are  very  nearly  those  of  the 
two-seat  cabs  which  took  part  in  the  hackney  carriage  trial:  thus 
in  the  Jeantaud  drojki  and  the  Krieger  victoria  the  weights  of  the 
accumulators  are  340  kg.  (748  lb.)  ior  total  respective  weights  of 
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1,050  kg.  and  1,180  kg.  (2,310  lb.  and  2,596  lb.).  For  cars  with 
four  seats  the  respective  figures  increase  to  450  kg.  and  1,770  kg. 
(990  lb.  and  3,894  lb.)  in  the  Kri^ger  cab,  and  to  450  kg.  and 
1,790  kg.  (999  lb.  and  3,938  lb.),  in  the  Jeantaud  landaulet.  The 
proportion  of  these  weights  fall  considerably,  being  about  25  per 
cent,  instead  of  33  and  30  per  cent. 


Pabts  of  Cab,  etc. 


Accumulators 

Motor  and  transmis- 
sion gear    ... 

Coupling,  connections, 
accessories 

Body,frame,andwheels 

Two  x><^^3sengers  and 
driver  


120  to  150  I  264  to  330 


50  to    80 
300  to  400 

210  to  220 


110  to  176 
660  to  880 

462  to  484 


Weight  in  kg. 


Weight  in  lb. 


300  to  350 


660  to     770 


^    680  to  850 


1,496  to  1,870 


Totals,  980  to  1,2(X) 


2,156  to  2,640 


With  regard  to  charging  the  accumulators,  if  the  car  is  of  the 
hackney  carriage  type  the  replacing  of  exhausted  batteries  by 
fully  charged  batteries,  as  done  particularly  by  the  Compagnie 
Fran^ais  des  Voitures  Electromobiles,  appears  to  be  the  best 
system.  This  has  the  great  advantage  of  not  storing  the  carriages 
during  the  lengthy  operation  of  charging.  It  would  be  in  vain 
to  increase  the  number  of  charging  stations  in  a  town,  with  the 
idea  of  making  practical  a  system  of  rapid  charging,  without  re- 
moving the  accumulators,  because  accumulators  that  would  be  suit- 
able have  only  very  sUght  specific  capacity,  say  2  to  3  ampere 
hours  per  kg.  (2*2  lb.).  Hackney  carriages  can  carry  fixed  accumu- 
lators and  have  them  charged  at  the  depots,  but  this  involves 
keeping  them  for  a  long  time  at  a  standstill  and  necessitates  a 
nuuiber  of  charging  depots.  On  the  other  hand,  this  system  is 
available  for  private  owners,  whose  houses  are  connected  with  the 
town  electric  service;  m  such  cases  recharging  can  proceed  during 
the  night  In  any  case  the  accumulators  will  be  assembled  in 
series  for  charging.  An  alternating  current  must  be  converted  to 
a  continuous  current,  and  this  will  cause  complication. 

The  advantages  of  the  electric  motor  from  the  point  of  view 
of  traction  will  now  be  considered.    The  accumulators  send  their 
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current  to  the  electric  motor  which  drives  the  car;  the  torque 
furnished  varies  with  the  number  of  conductors  on  the  armature, 
the  intensity  of  the  magnetic  field  and  of  the  current.  As  will 
be  explained,  the  two  latter  may  be  caused  to  vary  and  conse- 
quently the  torque,  in  fact  the  latter  may  attain  values  up  to 
eight  times  the  normal,  thus  affording  a  valuable  elasticity  for 
starting  and  extra  strains.  There  is  nothing  like  this  in  the 
petrol  motor,  the  torque  of  which  is  constant ;  the  only  available 
method  to  make  the  latter  vary  is  by  change  of  speed  {see  p.  344). 
Moreover,  as  the  speed  of  the  motor  decreases  the  power  may  increase 
and  inversely:  thus  the  motor  is  self-regulating.  In  certain 
circumstances  the  power  may  reach  zero  and  then  become  negative 
in  value,  the  motor  acting  as  a  brake  and  working  as  a  dynamo, 
being  then  capable  of  recharging  the  accumulators.  It  is  by 
means  of  the  controller  that  the  variations  necessary  for  altera- 
tions in  the  motor  torque  are  given  to  the  intensities  of  the 
magnetic  field  and  the  current.  The  controller  likewise  also  allows 
for  starting,  changes  of  speed,  working  of  brake,  stoppj^e  and 
reversing.  There  are  various  methods  of  exciting,  and  varying  the 
excitation,  of  the  motor.  Separate  excitation,  current  for  the  purpose 
being  taken  from  some  of  the  accumulators  and  sent  through  the 
field  winding,  gives  a  constant  magnetic  fluid  and  a  speed  which 
depends  upon  little  else  than  the  difference  of  potential  at  the 
motor  terminals.  The  controller  regulates  this  speed  by  inserting 
variable  resistances  in  the  circuit,  or  better  by  coupling  the 
accumulator  batteries  in  different  ways.  The  magnetic  field  being 
constant,  as  soon  as  the  speed  of  the  motor  exceeds  a  certain  rate 
it  begins  to  work  as  a  dynamo,  acts  as  a  brake,  and  can  serve  to 
send  to  the  cells  part  of  the  work  produced  by  the  running  of 
the  car.  In  spite  of  these  indisputable  advantages  separate  excita- 
tion is  little  used  owing  to  the  complications  which  ensue  in 
recharging.  Unequal  discharges  of  the  accumulators  affect  the 
excitation.  This  simple  difiiculty  of  recharging  deserves  to  be 
taken  into  consideration,  because  renewal  of  the  energy  is  one  of 
the  greatest  inconveniences  in  the  employment  of  accumulators. 
Series  excitation,  in  which  the  field  coils  carry  the  armature 
current,  is  the  simplest  system;  it  is  often  employed,  and  is 
combined  with  the  varied  coupling  of  the  batteries,  but  with  it 
the  speed  of  the  car  varies  with  the  gradient  of  the  road,  irregularity 
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in  speed  resulting.  Shunt  excitation,  obtained  by  sending  a  small 
portion  of  the  accumulator  current  through  the  field  coils  and  the 
major  portion  through  the  motor  armature,  requires  a  special 
device  for  starting  to  avoid  burning  out  the  motor,  but  once  the 
motor  has  commenced  work  this  method  has  the  advantages  of 
separate  excitation.  Sometimes  the  field  winding  is  in  two  coils, 
which   the  controller  couples   in   series  at  starting  and  in   parallel 


tor  running  at  full  speed.  Thus  two  motors  can  be  utilised,  each 
driving  a  wheel  and  making  it  possible  to  dispense  with  the  differ- 
ential gear  generally  requisite  to  assure  independence  of  the 
driving  wheels  when  turning  the  car.  The  methods  of  coupling 
these  two  motors,  and  of  their  excitation,  together  with  coupling 
of  the  batteries  supplying  the  current,  make  possible,  says  Hospi- 
taller, a  great  number  of  combinations  to  graduate  speed,  but  they 
complicate  normal  working.    The  most  delicate  combinations  are 


THE   AUTOMOBILE. 


moreover,  assured  by  extremely  simple  movements  which  merely 
require  that  the  driver  should  have  an  idea  of  the  result  to  be 
obtained.  Thus  for  sturting,  for  reversing,  and  for  stopping  the 
controller  easily  gives  all  these  motions  by  admitting,  reversing,  or 
cutting  off  the  current  through  the  armatura  This  explains  the 
great  pliancy  and  extreme  ease  in  handling  etectric  automobile& 
The   qualities  required   from    electric   motors   for    traction  pur- 

poses    will    now    be    considered.     The 

electric  motor,  as  usually  constructed, 
supplies  the  rotary  motion  so  suitable 
for  automobiles,  because  it  suppresses 
the  vibrations  inherent  in  alternating 
motors  in  a  manner  which  as  yet  has 
not  been  made  practicable  with  steam 
and  still  less  with  petrol.  As  the  elec- 
tric motor  has  had  comparatively  few 
applications  to  cars,  it  has  not  yet  been 
possible  to  make  nil  the  improvements 
which  will  render  this  motor  more  suit- 
able than  it  is  naturally  for  easy  starting, 
simple  handling,  and  for  working  with 
currents  of  low  tension.  Endeavours  will 
also  be  made  to  make  it  stronger  and 
lighter ;  thus  Patin  for  his  motor  (Figs. 
314  and  315)  constructed  two  supports 
of  aluminium  not  required  to  i^o  much 
work.  Another  quality  required  is  slow 
speed,  so  that  the  reduction  of  speed  be- 
tween the  armature  shaft  and  the  driving- 
axle  can  be  avoided,  or,  at  least,  greatly  simpUtied.  The  speed- 
reducing  gears  are  noisy  and  expensive,  and  even  when 
made  of  steel,  instead  of  indurated  or  green  leather  or  bronze, 
they  very  soon  wear  out,  especially  if  not  protected  by  cases : 
also  they  entail  great  loss/by  friction.  Moreover,  a  slow,  angular 
speed  does  not  exclude  fast  tangential  speed  favourable  to  iho 
development  of  electro-motive  force.  Consequently,  the  diameter 
of  the  armature  should  be  made  as  laig«  as  is  allowed  by  the 
space  available  for  it,  and  by  the  risk  of  injury  to  the  winding 
caused  by  excessive  centrifugal  force.    Tangential  spee*l  has  been 
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brought  with  impunity  to  25  m.  (82  ft.)  per  second.  These  two 
couditions,  lightness  and  slow  angular  speed,  must,  however,  be 
combined  with  another,  namely,  sufficient  power.  It  is  somewhat 
diHicult  to  reconcile  all  three,  because  the  simplest  way  to  give 
great  power  to  a  light  motor  is  to  make  it  rotate  rapidly.  Be- 
sides, it  must  be  remembered  that  a  light  motor  is  not  always 
preferable  to  a  heavy  one,  nor  a  slow  motor  to  a  rapid  one.  It 
may  happen,  for  example,  that  a  machine  weighing  less  than 
another,  but  inferior  in  efficiency,  will  require  an  increase  in  the 


Fig«.  318  and  319.— Secnoy  *sd  End  View  of  Still  Electbic  Motoh. 

weight  of  accumulators,  much  greater  than  the  gain  realised  by 
its  excessively  light  structure.  The  consideration  of  total  efficiency 
should  really  outweigh  all  others,  because  the  problem  is  to  carry 
a  given  load  with  the  minimum  expenditure  of  energy. 

The  special  design  of  electric  motor  for  automobile  u.se  is  of  light 
weight  compared  with  the  stationary  motor,  its  efficiency  is  high,  and 
it  can  bear  an  overload  of  100  per  cent,  for  short  periods. 

A  typical  two-pole  motor  and  driving  gear  is  shown  in  side  view 
by  Fig.  316.  The  motor  is  pivoted  at  one  end  on  the  carriage  axle 
and  the  other  end  is  suspended  from  the  carriage  between  two  spiral 
springs  on  a  jointed  hanging  rod,  the  apriogs  (1)  allowing  of  up  and 
down  movement  and  (2)  diminishing  the  sudden  strain  of  starling 
due  to  the  inertia  of  the  cor  when  the  current  is  sent  through  the 
motor.     A  pinion  on  the  end  of  the  armature  gears  into  an  internally 
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toothed  ring  attached  to  the  spokes  of  the  road  wheels,  as  illustrated. 
Fig.  317  is  a  plan  of  the  motor  and  gear,  but  with  a  Liindell  two-pole 
single  coil  motor  as  used  extensively  in  America. 

The  Still  electric  motor  is  shown  in  part  by  Figs.  318  and  319.  Its 
slotted  drum  armature  is  secured  to  the  right-hand  shaft  and  runs  in 
a  ball  bearing  inside  the  field  magnet  extension,  the  two-pole  field 
magnets  being  rigidly  secured  to  the  left-hand  shaft  and  run  in  ball 
bearings  at  each  end ;  of  course,  the  armature  and  fields  revolve 
in  opposite  directions ;  the  armature  drives  a  sprocket  on  one  side, 
and  the  field  magnets  a  sprocket  on  the  other  side.  The  whole 
motor  is  supported  in  a  casing  on  four  spiral  springs  attached  to  the 
underside  of  the  carriage.    The  advantages  of  the  double  action  are 


Fig.  320.--SEcnoNAL  View  op  Mild<  Elbctric  Motor, 

a  reduction  in  the  armature  speed  and  the  independent  driving  of 
the  two  road  wheels  with  the  absence  of  a  diiSFerential  gear;  but 
extra  bearings  are  required,  and  there  must  be  additional  rubbing 
connections  to  convey  the  current.  Ball  bearings  obviate  additional 
friction.  This  system  is  not  so  simple  as  a  single  motor  with 
differential  gear  or  two  motors  acting  directly  on  each  wheel 
independently.  The  contact  rings  at  the  right  end  of  the  field 
magnet  revolving  part  are  connected  to  the  windings  of  the  magnets, 
and  the  rings  at  the  left  end  to  the  brushes  resting  on  the  commutator, 
which  has  thirty  sections  ;  ordinarily  the  brushes  are  of  copper,  but 
for  higher  voltages  are  of  carbon.  The  fields  are  series  wound  iii 
two  layers  of  different  gauge  wires,  that  is,  each  bobbin  has  two 
windings.  The  motor  is  designed  to  work  at  either  80  or  160  volts  at 
a  current  of  from  12  to  15  amperes,  but  it  will  stand  an  overload  of 
from  85  to  100  per  cent,  for  reasonable  periods  when  hill-climbing. 
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The  maximum  effective  speed  is  1,000  revolutions  per  minute,  and 
the  weight  of  the  complete  motor  is  795  kg.  (175  lb.). 

The  Milde  electric  motor  has  two  armatures  keyed  on  separate 
shafts  in  line  with  each  other ;  there  are  four  exciting  coils  on  each 
side  of  the  central  bearing  for  the  two  shafts,  four  of  them  being 
shunt  wound  and  the  other  four  series  wound.  A  shunt  coil  faces 
and  has  on  each  side  of  it  a  series  coil,  while  diametrically  opposite  to 
it  is  another  shunt  coil.  Fig.  320  is  a  longitudinal  vertical  section  of 
the  motor  on  line  X  X  of  Fig.  321,  and  the  latter  is  a  transverse 
section  through  K  K,  Fig.  320.  Two  brackets  made  of  diamagnetic 
metul.  A,  carry  each  a  cast  metal  frame,  C,  to  which  is  fixed  a  plummer 
block,  D,  carrying  a  bush,  E.  The  brackets 
are  fixed  to  a  support  by  means  of  lugs,  B. 
Four  steel  rods,  H,  secured  by  nuts,  support 
midway  between  the  brackets  a  plummer 
block,  F,  which  has  bushes,  G.  These  four 
rods  are  the  cores  of  the  exciting  coils.  Each 
rod  carries  two  of  these  coils,  I  J,  one  on 
each  side  of  the  central  plummer  block ;  each 
rod  also  carries  two  pole  pieces,  K,  which 
nearly  surround  two  ring  or  drum  armatures,  *^'  m^  "<  ti  "^  ^^ 
L,  whose  collectors,  M,  are  in  the  frames,  C. 

The  shafts  to  which  the  armatures  are  keyed  turn  in  bushes,  E  G, 
and  are  driven  by  means  of  gearing  on  their  projecting  ends  P.  The 
two  armatures  are  independent  of  each  other,  and  can  turn  together 
or  in  opposite  directions.  The  eight  coils  are  arranged  four  on  each 
side  of  the  central  plummer  block,  so  that  a  coil,  I,  with  shunt  winding, 
has  facing  it  and  on  each  side  a  series  wound  coil,  J,  and  another 
shunt  coil,  I,  diametrically  opposite  it,  the  object  being  to  obtain  a 
symmetrical  and  balanced  magnetic  field  whether  series  or  shunt 
excitation  be  employed  separately  or  simultaneously.  The  magnetic 
circuits  excited  by  this  field  are  four  in  number,  proceeding  sym- 
metrically from  a  north  pole  to  a  south  pole,  passing  through 
the  armatures  and  the  cores,  submitted  to  the  influence  of  two  coils, 
I,  and  two  coils,  J.  The  two  armatures  are  thus  always  in  the  same 
nmgnetic  field,  and  each  can  turn  at  the  most  suitable  speed  for  the 
wheel  which  it  drives,  the  two  being  quite  independent. 

The  Krieger  motor  is  of  the  four-pole  type,  and  it  is  illustrated 
by  Figs.  322  and  323.     It  has  four  excitation  coils,  two  of  which  are 
v2 
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wound  with  thick  wire  in  series  and  two  with  thin  wire  in  multiple 
circuit.  The  drum  armature  makes  from  2,000  to  2,600  revolutions 
per  minute.  Fig.  324  is  a  diagrammatical  side  view  of  the 
motor,  suspension  and  driving  gear.  Two  motors  ara  used,  and  on 
each  a  pinion  gears  into  a  toothed  ring  attached  to  one  of  the 
front  road  wheels.  Each  motor  is  suspended  from  an  arm  pivoted 
to  the  road  wheel  axle,  and  is  supported  further  by  a  strong  plaie- 
spring  fixed  at  one  end  to  the  axle  and  having  at  the  other  ecil 
a  connecting  link  attached  to  the  other  side  of  the  motor  casing. 
The  spring  allows  of  movement,  as  in  the  example  shown  by  Fig.  31(i- 


Fig.  322  and  323.— Section  and  E-sb  View  of  Kbi6oer  EtiCTRic  Mtmiii. 

The  de  Dion-Bouton  light  electric  car  employs  a  slow-speed  and 
consequently  comparatively  heavy  motor,  running  at  800  revolu- 
tions per  minute.  It  directly  drives  the  differential  gear  on  the 
back  axle  in  the  well-known  de  Dion-Bouton  slylc.  It  is  of  the 
four-pole  type,  and  is  enclosed  completely  in  nn  aluminium  casing 
There  are  inspection  apertures  on  the  commutator  side  near  the 
brush  holders.  The  brushes  are  normal  to  the  commutator,  as 
usual,  and  the  armature-  is  drum-wound  and  has  a  tooth  core. 

The  Joel  twelve-pole  electric  motor  has  its  armature  and  com- 
mutator illustrated  by  Fig.  325.  Of  the  motor,  Fig,  326  is  a  longi- 
tudinal section,  Fig.  327  is  a  side  elevation,  and  Fig.  328  is  a  pliui  nf 
the  field  magnets.  The  shaft  A  is  held  stationary  in  the  outside  i-iisiiiii 
which  secures  the  motor  to  the  underframe,  and  the  fixed  field  magnets 
L  carried  by  the  shaft  are  in  two  pieces  bolted  together  as  shown. 
and  carrying  between  them  and  inside  their  pole  pieces  N  S  th'' 
magnetising   coil  V.     There   are    twelve  poles,  the  six  north  poles 
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interlacing  alternately  with  the  six  south  poles,  and  all  the  pole  pieces 
lie  in  the  same  radial  place.  Mounted  about  the  shaft  A,  and  free  to 
revolve  upon  it,  is  a  sleeve  carrying  the  armature  Y,  the  commutator 
Z,  and  the  driving  wheel  F.     The  armature  is  a  laminated  iron  ring 


bolted  to  the  spider  arms  y,  and  slotted  transversely  around  its  inner 
face.  Each  of  the  slots  T  carries  two  insulated  square  copper  wires 
w,  the  wires  being  connected  about  the  sides  of  the  ring  to  form 
overlapping  complete  windings  about  the  whole  armature.     There  is 


Fig,  S». 
Fig.  326.— LoxorrtrDiKAi.   Sicnoy    or    Joel    Elbctuc   Motob.      Fig.  327. — Side 
ELSVATioy  or  Joel  Motob.      Fig.  328.— Field  Uaohetb  or  Joel  Motor. 

an  extra  slot  for  connecting  the  final  ends  of  the  windings  in  series. 
The  general  system  of  this  zigzag  winding  crosses  the  armature  twelve 
times  in  one  complete  coil,  as  shown  by  Fig.  325.  which  shows  also  the 
connections  to  the  commutator.  .In  the  larger  motors  more  than  two 
wire«  are  laid  in  each  of  the  slots  T.  This  method  of  construction  is 
claimed  to  reduce  weight  and  to  reduce  the  amount  of  ineffective 
copper.     Tlie  Joel  voitiirette  has  two  of   these  motors  fixed    to  the 
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frame,  each  driving  one  of  the  rear  wheels  of  the  vehicle  by  a  chain. 
Each  motor  weighs 509  kg.  (112  lb.), and  the  two  can  develop  normally 
2  h.p.  at  about  700  revolutions  per  minute;  they  are  said  to 
bear  an  overload  of  100  per  cent.,  and  their  efficiency  at  an  KM.F.  of 


Figs.  329  and  330.— Section  and  End  View  of  Jokl  "Sine"  Motor. 

40  volts  is  given  as  70  per  cent,  at  half  load,  85  per  cent,  at  normal 
load,  and  89  per  cent,  with  a  50  per  cent,  overload;  these  are  the 
inventor's  figures,  it  is  believed.  The  motors  are  shunt-wound,  and 
^re  enclosed  completely  in  an  aluminium  case  containing  also  the 
spur  gearing. 


Fig.  331.— Field  Coil  op  Joel 
<*SiNB*"  Motor. 


Fig.  332.— "Sine*'  Curve  Magnetic 
Field  of  Joel  Motor. 


The  Joel  new  "  sine  "  motor  shown  in  section  by  Fig.  329  and 
in  end  view  by  Fig.  330  is  of  the  four-pole  type,  and  spherical  in 
shape.  The  iron  casing  carrjdng  the  poles  is  divided  centrally  into 
two  halves,  the  two  halves  with  their  two  poles  each  interspacing 
when  placed  together.  The  form  of  single  field  coil  used  for  magnet- 
ising the  four  poles  is  shown  in  Fig.  331,  whilst  Fig.  332  is  a  diagnuu 
of  the  "  sine  "  curve  magnetic  field.  The  coil  is  wound  directly  on 
a  ball  mould  or  spherical  former,  or  is  wound  first  as  a  simple  rinir 
and  afterwards  pressed  or  moulded  into  the  required  shape ;  it  has 
two  curved  indentations  alternating  with  curved  raised  parts,  sinnou.N 
in  shape,  hence   the  name   "sine"  motor.     The  coil   is   placed  in 
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position  on  one  half  of  the  iron  casing  partly  embracing  and 
including  the  two  poles  on  the  magnetising  sphere  of  the  coil, 
the  other  half  of  the  iron  casing  with  its  two  poles  fitting  into 
the  depressions  of  the  coil,  and  in  turn  being  also  included  in  the 
magnetising  sphere  of  the  coil.  The  one  coil  magnetises  the  four 
poles  alternately  in  two  pairs,  X  N  and  S  S.  There  is  the  advantage 
of  reduced  weight.  Such  a  motor  with  a  double-wound  armature 
and  two  commutators  is  claimed  to  weigh  only  854  kg.  (190  lb.),  to 
give  6  brake  h.p.,  and  to  have  an  efficiency  of  87*5  per  cent.,  its 
exciting  energy  being  70  watts. 


^^ 
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Figs.  333  and  334.— SrspEXSioN  of  Joel  Electric  Motors. 

H.  F.  Joel  has  designed  the  method  of  suspension  shown  in 
vertical  section  and  side  elevation  by  Figs.  333  and  334.  A  flexible 
and  independent  tubular  underframe  supports  two  eight-pole  motors 
whose  armatures  revolve  outside  the  fields,  thus  differing  from  other 
motors.  The  armature  has  a  long  sleeve  bearing  upon  whose  end  a 
small  sprocket  chain  drives  a  large  sprocket  attached  to  the  road 
wheel  spokes.  The  chain  can  be  adjusted  by  means  of  the  screwed 
pin  and  lock-nuts  fixed  at  the  end  of  the  supporting  tube.  The 
motor  weighs  508  kg.  (112  lb.),  and  gives  2  brake  h.p.  at  700  revolu- 
tions j)er  minute.  It  is  claimed  to  run  sparklessly,  to  stand  an 
overload  of  100  per  cent.,  and  to  have  an  efficiency  varying  between 
80  and  9D  per  cent.  Mr.  Joel  states  that  these  motors  have  run  for 
six  months  at  a  time  without  other  attention  than  oiling  the  bearings. 
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The  Waverley  six-pole  shunt-wound  motor  is  shown  complete  by 
Fig.  335.  The  manner  of  gaining  access  to  the  brushes  is  made  clear 
in  Fig.  336,  and  the  field  magnets  and  other  constructive  features  are 
illustrated  by  Figs.  337  and  338.  The  armature  R  and  commutator  R' 
are  shown  in  Fig.  339,  The  normal  output  of  3  h.p.  can  be  esoeeded 
considerably  for  short  periods.     The  circular  field  magnets  M  have 
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with  the  other  three,  also  in  series.  The  bearings  of  the  ring 
lubricated  type,  are  provided  by  end  castings,  M'  and  M\  which 
are  bolted  to  the  field  magnet  M  in  the  manner  shown.  The  casting 
JI'  has  the  flange  M'  formed  upon  it  for  the  bolting  of  the  motor  lo 
the  rear  axle,  the  flange  beini^  eccentric  to  the  armature  shaft,  since 
the  holes  in  it  (through  which  the  holding  bolts  pass)  are  slotted,  the 
gear  wheel  on  the  shaft  can  be  adjusted  into  mesh  with  the  wheel 
it  drives  by  sliding  the  flange  round  about  its  axis.  The  other 
casting,  W,  encloses  tlio  commutator  R',  and  the  four  carbon  brushes 
?,   the  latter   being  fixed   to  insulated   blocks   secured  to  it.     The 
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brushes  are  electrically  connected  together  in  pairs,  the  first  and  the 
third,  and  the  second  and  the  fourth  being  joined  together  by 
insulated  wires.  The  wires  leading  from  the  armature  to  the 
controller  pass  from  the  external  terminals  P'.    The  casting  M'  has 


Figa.  337  and  338.— Wavhrlit  Motuk  Field  Maosbts  btc. 

openings,  ns  seen  in  Fig.  337,  which  are  normally  covered  by  a  sheet- 
metal  ring,  M*  (Fig.  335).  The  ring  renders  the  motor  dust  proof  and 
the  brushes  easy  of  access.    The  reservoirs,  M',  for  the  oil  in  both 


Fig.   339. — Watehi^v  Hotoh  Auuatthk. 

bearings  form  a  part  of  the  castings  M'  and  M*,  both  bearings  are  ot 
ample  length.  The  drum-type  armature  R,  clearly  shown  in  Fig,  339, 
is  wound  in  a  special  manner,  and  its  shatt  is  fitted  with  tho  double 
helical  pinion  N,  and  terminates  in  the  brake  dnmi  E'.  The 
corresponding  spur  wheel  on  the  differential  has,  of  course,  teeth  of  a 
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similar  shape,  and  is  of  large  size.  The  use  of  this  "  herring-bone  " 
type  of  gear,  although  considerably  more  expensive  to  make,  is  amply 
justified  by  the  smoothness  and  silence  of  running  ensured.  In  the 
double  motor  equipment  the  differential  gear  is  dispensed  with,  aud 
each  half  of  the  live  axle  terminates  at  the  inner  end  at  a  double 
helical  spur  wheel  The  two  motors  are  fixed  to  the  casing  which 
encloses  the  gear  wheels,  one  on  each  side  of  it,  and  similar  pinions  to 


Fig.  3i0.— Naiionil   Elictbio  Jloton. 

those  here  illustrated  are  fixed  on  the  inner  ends  of  the  armature 
shafts  ;  the  motors  are  only  connected  with  one  another  indirectly. 
and  this  mostly  through  the  rear  wheels  by  the  road.  By  this 
arrangement  one  motor  drives  each  of  the  rear  wheels,  and  tho 
necessary  differential  action  is  secured  without  the  meclianical 
complication  involved  by  a  differential  gear. 

In  the  Bouquet  Garcin  and  Schivro  motor  one  or  both  of  the 
two  armatures  can  be  used  according  to  the  power  required. 

On  the  Centaure  (American)  electric  car  are  employed  ball- 
bearing Westinghouse  motors,  whose  winding,  l>eing  arranged  in 
halves,  allows  of  a  four-speed  series-parallel  s^-stem  of  control. 
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The  Lundell  motor  is  widely  used.  A  new  vehicle  employing 
it  is  the  electric  four-seat  Surrey  of  the  Accumulator  Industries 
Company.  On  this  vehicle  the  two  motors  are  octagonal,  and  are 
double  armatured.  Their  normal  power  is  5  h.p.,  but  they  can  give 
twice  that  for  short  periods.  They  are  separately  excited,  the  three 
normal  speeds  being  obtained  by  changing  the  connections  of  the 
four  armatures,  the  cells  being  always  connected  in  series. 

The  electric  motor  used  on  the  National  Vehicle  Company's  car 
(American)  is  represented  diagrammatically  by  Fig.  340.  It  is  of  the 
six^pole  iron-clad  type,  is  series  wound,  and  has  laminated  fields  and 
armature.  The  bearings  are  self  oiling.  Its  power  is  2  J  h.p.  at  1,400 
revolutions  per  minute. 

The  Richter  (American)  electric  motor  wheel  is  a  curious  con- 
struction. The  rim  of  each  road  driving  wheel  forms  the  armature 
of  a  motor,  this  armature  being  arranged  outside  the  field  magnets 
in  a  somewhat  similar  manner  to  the  Joel  motor.  A  multipolar 
fixed  field  magnet  is  carried  on  a  spider,^ which  is  keyed  to  the 
stationary  axle,  and  on  either  side  of  which  are  ball  bearings  on 
which  the  road  wheel  rotates.  The  wheel  rim  armature  makes  a 
dust-proof  fit  against  the  spider,  and  the  conducting  wires  are 
carried  inside  the  spider  and  out  through  the  axle  hole.  Each 
wheel  is,  of  course,  independent.  Slow  speed  being  essential,  the 
motor  is  of  great  weight,  but  then  the  use  of  all  transmission  gearing 
is  obviated. 

Electric  motors  on  automobiles  spark  excessively  when  over- 
loaded, and  the  field  magnets,  but  metre  particularly  the  armatures, 
become  hot.  Possibly,  a  partial  remedy  would  be  the  employment 
of  field  magnets  with  double-slotted  cores,  on  the  Phoenix  (American) 
system  (see  Fig.  341).  In  this,  oblong  holes  connect  the  slots  with 
the  air  in  the  armature  space;  and  the  sides  of  the  cores  are  cut 
away  so  as  to  produce  greater  magnetic  density  at  the  horns. 
The  field  magnet  illustrated  was  designed  for  dynamo  use,  and  it 
has  been  found  that  a  dynamo  so  built  stands  considerable 
overload  without  sparking,  whilst  the  fields  are  kept  extremely 
cool  by  the  air  in  the  slots  being  able  to  circulate  through  the 
holes.  ^ 

In  the  construction  of  car  motors  the  materials  must  be 
carefully  selected,  soft  steel  being  used  for  the  magnets,  which 
are  saturated  at  full  load  in  order  to  completely  utilise  the  metal. 


332  THE   AUTOMOBILE, 

For  the  same  reason  motors  are  often  made  with  several  poles, 
say  four.  The  air  gap  is  made  as  narrow  as  possible,  but  not 
less  than  3  mm.  (01 2  in.).  The  section  of  the  armature  wire  is 
such  that  the  density  of  the  current  may  be  5  or  6  amperes  per 
mm*.  (0*0015  in.) ;  in  these  circumstances  the  temperature  of  the 
winding  does  not  exceed  SO""  C.  Howeyer,  provision  must  be  made 
for  an  increase  of  current  of  50  per  cent.,  to  say  nothing  of  the 
10  or  12  ampires  required  at  starting,  when  the  temperature 
attains  90^  C.  Thence  results  the  necessity  of  employing  very 
effective  insulation,  and  preferably  excitation  in  series.  To  avoid 
sparks  at  the  brushes  without  being  obliged  to  move  the  latter, 
which  is  impossible  with  a  motor  that  has  to  turn  in  both 
directions,  carbon  is  used  (about  15  mml,  02  sq.  in.,  in  section 
per  ampere).  Endeavours  are  also  made  to  reduce  the  reaction 
of  the  armature,  which  causes  variation  in  the  position  of  the 
neutral  line.  This  reduction  can  be  made  by  giving  the  magnet 
a  great  number  of  ampere  turns,  which  approximates  to  saturating 
it;  this  should  be  done,  as  was  explained,  to  fully  utilise  the 
metal.  This  also  leads  to  an  increase  in  the  number  of  magnet 
poles ;  the  armature  reaction  decreases  as  their  number  is  increased. 
The  four-pole  motor  has  also  the  advantage  of  having  a  ven* 
compact  form,  allowing  a  very  large  diameter  to  be  given  to  the 
armature,  and  also  being  very  adaptable  to  a  casing.  When  the 
latter  is  left  open  at  both  ends,  it  merely  protects  the  coils  against 
the  effect  of  shock,  which  is  something;  but  when  entirely  shut 
it  keeps  out  moisture,  dust, •and  bits  of  metal,  which,  attracted 
by  the  magnets,  might  fill  the  space  between  them  and  the  arma- 
ture. A  close  casing  has  only  one  defect — ^that  of  keeping  all  air 
away  from  the  coils  and  thus  subjecting  them  to  great  heating. 
As  a  remedy  for  this  a  few  openings  are  sometimes  made  at  points 
through  which  the  dust  and  particles  of  metal  are  least  Ukely 
to  enter.  These  advantages  have  led  to  an  extensive  employment 
of  the  four-pole  motor.  As  a  rule,  the  four  brushes  corresponding  to 
the  four  poles  are  not  retained ;  two  of  them  are  omitted,  the  neces- 
sary connections  being  made  on  the  armature  windings.  Thus  tlie 
motor  is  simplified,  the  chances  of  imperfect  contact  decreased,  and 
supervision  made  easier.  Sometimes,  howevpr,  there  are  four 
brushes,  and  the  armature  winding  comprises  two  sets  of  coils,  each 
terminating  at  a  collector  and  constituting  two  independent  circuits. 
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The  means  employed  to  vary  the  speed  of  the  car  consists  ahnost 
exclusively  in  altering  that  of  the  motor.  This  can  be  done  in 
three  ways  :  (1)  by  acting  on  the  voltage  of  the  motor  terminals,  (2)  by 
modifying  the  strength  of  the  magnetic  field,  (3)  by  coupling  the 
armature  coils  in  various  ways.  These  three  methods  can 
each  be  varied  in  several  ways.  The  first  can  be  conveniently 
operated  by  the  insertion  in  the  armature  circuit  of  a  rheostat, 
the  resistance  of  which  can  be  varied.     However,  this  method  has 
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Fig.  341. — Phcenix  Field  Maonbt. 

the  inconvenience  of  involving  loss  of  energy,  this  being  employed 
to  heat  the  rheostat,  which  it  brings  to  a  high  temperature.  For 
these  two  reasons  when  it  is  employed  its  use  should  be  limited 
to  starting,  and  to  some  other  purposes,  where  it  is  only  required 
for  a  brief  period  of  time. 

A  better  way  of  varying  the  speed  consists  in  coupling  in 
various  ways  the  accumulator  batteries.  If,  for  example,  these 
crornprise  40  cells,  each  having  an  electro-motive  force  of  2 
volts  and  arranged  in  four  batteries,  parallel  coupling  of  the  four 
gives  an  electro-motive  force  of  20  volts,  sufficient  for  slow  speed ; 
the  coupling  in  parallel  of  two  pairs  of  batteries  arranged  in  series 
gives  40  volts  for  average  speed ;  and  coupling  of  the  four  batteries 
in  series  gives  80  volts  for  the  highest  speed.  For  intermediary 
s|>eods  it   is    merely   requisite    to  vary   the  number  of  excitating 
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accumulators,  or  tx)  place  a  variable  resistance  in  the  excitating 
circuit 

The  simplest  form  of  control,  according  to  H.  F.  Joel,  is  the 
Northey  system,  employed  in  the  Electromotive  Force  Company's 
cars,  in  which  the  batteries  are  grouped  in  different  combinations : 
with,  say,  40  cells,  there  are  4  groups  of  10  iiT  parallel,  2  groups  of 
20  in  parallel,  or  1  group  (all  40  cells)  in  series.  Changes  are  made 
by  joining  groups  of  cells,  intermediate  between  the  required  changes, 
so  that  there  may  not  be  any  breaks  in  the  circuits. 

The  field  excitation  can  be  modified  in  two  ways: — 1.  By 
inserting  between  the  terminals  of  the  field  circuit  a  variable 
shunt  resistance;  the  lower  this  resistance  the  greater  will  be 
the  proportion  of  current  passing  through  it,  and  the  less  that 
passing  in  the  field  coils.  2.  By  varying  the  number  of  ampere 
turns  of  excitation.  This  variation  can  be  obtained  by  acting 
either  on  the  current  or  on  the  number  of  turns  ;  in  the  first 
case  the  various  sections  of  the  field  magnets  are  connected  in 
series  or  in  quantity;  in  the  second,  the  number  of  the  sections 
of  the  coil  inserted  in  the  circuit  are  varied,  but  this  is  not 
done  because  in  this  way  the  magnet  is  badly  utilised  at 
high  rates.  Finally,  the  armature  windings  can  be  coupled  in 
the  case  of  four-pole  motors  in  series  and  in  parallel  When 
the  car  is  driven  by  two  motors,  by  coupling  them  in  series 
or  in  parallel,  one  can  vary  from  single  to  double,  at  equal  speed, 
the  generated  counter  electro-motive  force.  With  equal  couples  the 
speed  obtained  in  the  first  case  will  be  double  that  obtained  in 
the  second.  At  starting,  the  two  motors  in  series  produce  the 
same  total  couple  with  half  the  current  that  would  be  used  were 
they  in  parallel.  Some  makers  use  a  system  of  gearing  which  gives 
mechanically  never  more  than  two  speeds ;  by  doubling  the  number 
of  speeds  electrically  obtained  this  device  gives  a  most  extensive 
range.  Of  course,  the  processes  just  described  are  very  often  com- 
bined in  the  same  carriage,  according  to  the  taste  of  the  maker, 
D,  Dujon  recommends  coupling  the  batteries  and  armatures,  merely 
acting  on  the  field  coils  by  varying  the  current,  and  not  by  altering 
the  number  of  effective  turns.  As  he  himself  admits,  the  solution 
is  much  less  simple,  and  must  vary  with  circumstances. 

The  controller  is  an  apparatus  which  governs  the  various 
movements  just  enumerated;  it  is  called  also  the  speed  regulator. 
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It  is  a  commutating  switch  or  circuit  changer ;  and  generally  the 
series-parallel  controller  in  use  on  electric  railway  and  street  cars 
is  adapted  for  the  purpose.  As  change  of  speed  is  required  it 
groups  the  batteries  in  series  or  parallel,  the  motors  in  series  or 
parallel,  or  combines  the  two.  It  acts  by  establishing  various 
couplings  between  the  different  parts  of  the  electric  mechanism 
such   as  accumulator  terminals,  motor  brushes,  armature  and  field 


Fig.  342.— Diagram  of 

COKTHOLLEK   CONTACTS. 


Fig,  343. — Elrctric  Car  Con- 
troller OR  Speed 

BBOrLATOR. 

magnet  windings,  rheostats,  etc.  With  this  object  each  of  the 
parts  is  connected  by  conductors  to  a  commutator  terminal,  and 
the  terminals  themselves  communicate  with  brushes  rubbing 
against  contacts  which  assure  the  required  couplings.  Fig.  342 
shows  a  convenient  method  of  constructing  this  device  ;  the 
commutator  terminals  A  are  arranged  in  a  line  parallel  to  a  cylinder, 
B,  upon  which  the  contacts  C  are  placed ;  the  brushes  D,  fixed  on  the 
ends  of  metal  springs  E,  communicate  with  the  terminals  and  are 
tangential  with  the  cylinder.  Each  set  of  contacts  is  also  similarly 
arranged,  the  contacts   being  connected   in  a  suitable  manner  by 
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metal  conductors  buried  in  the  insulating  cylinder.  By  aid  of  a 
handle  the  cylinder  can  be  turned  around  its  centre  F  so  as  to  brmg 
under  the  brushes  the  set  of  contacts  corresponding  to  the  move- 
ment to  be  made. 

A  typical  controller,  as  shown  by  Fig.  343,  consists  of  a  cylinder  of 
insulating  material  round  which  longitudinal  strips  and  plates  of 
metal  are  fixed  in  a  certain  order,  whilst  a  number  of  insulated 
contact  arms  or  spring  blades  press  on  the  strips  and  are  connected 
with  the  batteries  and  motors.  Fig.  344  is  a  view  of  the  cylinder 
surfiEice  developed,  and    shows   the    position    of  the    metal    strips 
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Fig.  344.— Surface  of  Controller  Cylinder 
SHOWING  Contact  Strips. 


and  plates  and  the  spring-contact  blades.  The  motion  of  the  hand 
lever  turns  the  cylinder  into  the  eight  set  positions,  which  respectively 
make  the  following  combinations,  as  shown  in  the  diagrams  of  the 
circuits,  Fig.  345.  (1)  The  two  batteries  are  joined  in  series  for 
recharging,  the  motors  being  cut  out.  (2)  Slow  speed  back  ;  field  coils 
reversed.  (3)  Stop :  motors  short-circuited  act  as  brake ;  batteries 
cut  out.  (4)  Slow  speed  forward:  motor  in  series.  (5)  Medium 
speed,  9*65  km.  (6  miles)  per  hour  for  hill-climbing;  motors  in 
parallel,  batteries  in  series;  all  working  at  highest  efficiency  and 
greatest  power.  (6)  Higher  speed,  12*9  km.  (8  miles)  per  hour; 
resistance  in  field  coils.  (7)  16  km.  (10  miles)  per  hour ;  additional 
resistance  in  field  coils.  (8)  19*3  km.  (12  miles)  per  hour  ;  all  resist- 
ance in  field  coils ;  motors  overrun  at  double  normal  speed  of  No.  5. 
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The  greatest  power  being  required  for  hill-climbing,  the  speed 
is  made  appropriate,  as  in  the  No.  5  position  above,  and  the 
maximum  discharge  from  the  battery  is  kept  within  a  pre-arranged 
limit  For  running  on  level  roads  at  higher  speeds  the  motors  are 
overrun,  and  for  slow  speeds  they  are  connected  in  series.  This 
system  employs  shunt-wound  motors  only,  and  thus  when  the  speed 
exceeds  the  normal,  they  act  as  dynamos  and  give  a  back  charge 
to  the  batteries  ;  also  when  the  car  is  stopped,  the  momentum 
returns  some  current  to  the  batteries. 
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Fig.   345. — Combinations  op  Battery  and  Hotob. 

The  Jeantaud  system  of  speed  regulation  is  shown  by  Figs.  346 
and  347.  For  slow  speed  forward  two  batteries  in  parallel  are  in 
circuit  with  a  single  compound-wound  electric  motor  (see  Fig.  346). 
For  the  third  speed  forward  the  connections  are  altered,  and  the 
batteries  are  in  series. 

In  one  type  of  Kri^ger  car  having  two  compound-wound  motors, 
the  circuits  are  as  in  Figs.  348  to  351.  At  slow  speed  forward  the 
batteries  are  in  parallel  and  the  motors  in  series  (Fig.  348).  At 
higher  speed,  the  batteries  also  are  in  series  {see  Fig.  349).  By  cutting 
out  the  series  field  coils  and  thus  weakening  the*  field  magnets  {see 
w 
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Fig.  350)  speed  is  increased  further,  and  the  motors  become  shunt- 
wound  only,  and  when  rurming  at  more  than  their  normal  speed, 
say,  when  going  down  a  steep  hill,  they  act  as  dynamos  and  give  a 
back  or  recuperative  charge  to  the  batteries,  and  act  as  a  brake  to 
the  car.  To  give  the  maximum  power  and  the  highest  speed,  the 
batteries  are  in  series  and  the  motors  in  parallel,  as  in  Fig.  347,  the 
reverse  of  Fig.  348. 

The  electric  motor,  as  stated  in  the  general  account  of  its 
advantages  (see  p.  318),  can  convert  to  electrical  energy  part  of  the 
work  produced  by  the  running  of  the  carriage.  Thus,  when  descend- 
ing an  incline,  the  motor,  no  longer  receiving  current  from  the 
battery,  is  driven  like  a  dynamo,  and  furnishes  current,  which  is 
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Figs.  346  and  347.  —  Jbantaud  Combinations  fob  Speed  Chanoino. 

sent  to  the  accumulators.  Unfortunately  this  action  is  only  pos- 
sible with  machines  turning  always  in  the  same  direction,  whether 
they  work  as  motors  or  as  dynamos — that  is,  when  a  machine 
passes  from  one  role  to  another,  the  current  only  changes  its 
direction  in  one  of  the  two  parts,  armature  and  field  coils.  This 
is  only  so  with  shunt  motors.  Now  many  traction  motors  have 
excitation  by  series.  To  employ  them  in  this  way  the  precaution 
stipulated  for  working  the  brake  must  be  taken  {eee  below),  which 
complicates  their  construction.  All  accumulators,  also,  are  not 
suitable,  particularly  those  in  which  intensity  of  the  charge  must 
not  exceed  a  certain  rather  low  limit. 

If,  instead  of  employing  the  kinetic  energy  of  the  carriage 
to  turn  the  motor  as  a  dynamo  charging  the  accumulators,  it  is 
employed  merely  to  produce  a  current  that  is  transformed  into 
heat  by  its  passage  into  a  suitable  resistance,  the  motor  acts  as  a 
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brake,  the  power  of  which  varies  in  inverse  proportion  to  the 
resistance  interposed.  When  the  latter  is  slight,  the  motor  being 
almost  short  circuited,  an  almost  instantaneous  stoppage  is  obtained, 
but  this  should  not  be  done  when  the  carriage  is  running  full 
speed  except  in  imminent  danger,  because  there  is  a  risk  of 
burning  the  armature  windings.  The  electric  brake  is  very  suit- 
able for  a  series  motor;  the  only  precaution  that  need  be  taken 
when  putting  on  the  brake  is  changing  the  direction  of  the 
armature  or  magnet  current  so  that  it  may  become  a  generator, 
turning  in  the  same  direction  as  it  did  when  a  motor.  It  is  less 
suitable  for  a  shunt  motor. 


Rg.  348.    'S 


w.  ^  WrnnmrO  Oli^  W 


Fig.  349. 


J       uirnwTO  Ojmrnmnr 


Fig.  350.     T 


->nr-m<-Ao 


Innnn  Win 


Fig. »..  j^       «w    mro  O  " 


innnnnn 


Figs.  348  to  3d].— Kri^obr  Combinations  for  Speed  Changing. 
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CHAPTER  IX. 

STEAM,  PETROL,  AND   ELECTRIC  MOTORS  COMPARED. 

Now  that  it  has  been  shown  how  the  three  agents,  steam,  petrol, 
and  electricity  are  applied  in  the  propulsion  of  automobiles,  it  will 
be  easy  to  point  out  their  relative  advantages. 

Of  steam  motors,  only  the   alternating  type  hitherto   has  been 

employed   extensively,  and   this  has   not  that  continuity  of  action 

possessed   by   the   rotary  motor  which  offers  itself  as  the  type  of 

road  car  motor ;  none  the  less,  the  alternating  motor  is  very  suitable 

for  the  purpose,  and  no  other  proof  of  this  than  the  locomotive  is 

needed.     Rectilinear  and  alternating  though  it  is,  the  motion  is  very 

simply  transformed  by  aid  of  a  connecting  rod  and  a  crank  into 

a  rotary  continuous   motion,  and  the  steam  exerts  its  pressure  on 

the  piston  without  jarring,  quite  diffierent  from   the   petrol  motor. 

The   steam   road   motor,  as  it  is  and  must  remain,  is  extremely 

simple,  and  composed  of  durable  parts;  consequently  its  working 

is  very  reliable,  and  if  deranged  it  can  easily  be  repaired.     Considered 

apart  from  the  boiler,  it  is  for  equal  speed  and  power  lighter  than 

the  petrol  motor,  this  being  accounted  for  by  the  fact  that  in  a 

four-stroke-cycle  petrol  motor  there  is  only  one  driving  stroke  in 

four,  whereas  in  the  double-acting  steam  motor  every  stroke  drives. 

Moreover,   the  volume    of   air    requisite    to    completely  bum    the 

carburetted   mixture  is,  on  account  of  the  burnt  gases  remaining 

from    the    previous    explosion,   much    greater    than    indicated   by 

theory,  and  so  the  explosion  chamber  must  be  larger  than  thai 

calculated  theoretically.     The  relative  lightness  of  the  steam  motor 

even   increases  with   the  power  of  the  motor;    but   the   boiler  is 

essential,  and  its  weight  has  to  be  considered,  it  then  appearing 

that   the   petrol  motor  gives  a  greater  efficiency  than   the  steam 

motor  and  boiler,  weight  for  weight.     However,  the  chief  advantage 

of  the  steam   motor   is  its  elasticity.      The   boiler  can  at  a  given 

moment  greatly  increase  production;  a  tubular  boiler  does  so  by 

the  reserve  of  heat  constituted  by  the  volume  of  hot  water  under 
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pressure ;  an  instantaneous  vaporisation  boiler,  such  as  the  SerpoUet 
type  with  thick  tubes,  does  so  by  the  reserve  of  heat  constituted 
by  the  bulk  of  the  metal  tubes;  a  Serpollet  boiler  with  water 
heated  by  petroleum  does  so  by  its  very  great  rdpidity  of  vaporisa- 
tion. In  all  the  cases  the  additional  power  which  the  boiler 
gives  greatly  facilitates  travelling  over  broken  ground.  The  work- 
ing of  the  motor  itself  is  very  elastic  owing  to  the  ease  in  varying 
admission  of  steam.  For  starting,  after  the  first  piston  strokes  a 
maximum  power  can  be  obtained  by  taking  the  notch  for  slightest 
expansion,  and  (if  the  motor  is  compound  and  furnished  with  a 
valve  which  gives  direct  communication  between  boiler  and  large 
cj'linder)  by  making  the  large  cylinder  work  at  full  pressure.  When 
during  a  journey  speed  or  power  has  to  be  varied  it  suflSces  to 
modify  expansion.  This  enables  the  transmission  mechanism  to  be 
greatly  simplified.  As  a  rule  two  mechanical  changes  of  speed 
are  considered  suiBcient,  and  often  there  is  not  even  mechanical 
change,  whereas  with  petrol  motors  there  are  three  or  four. 
Backward  motion  is  obtained  by  simply  altering  the  direction 
in  which  the  steam  acts;  the  car  is  stopped  by  shutting  oif 
steam  and  thus  stopping  the  motor,  so  that  during  the  period 
of  stoppage  there  is  no  useless  consumption  of  energy.  All 
these  movements,  so  favourable  to  good  working  of  the  car,  are 
obtained  in  the  easiest  way  imaginable,  by  the  aid  of  a  valve  and 
reversing  lever.  Moreover,  as  the  expenditure  of  steam,  and  conse- 
([uently  fuel,  is  at  each  instant  regulated  by  the  power  required 
for  propulsion  of  the  vehicle,  economic  employment  of  the  work 
furnished  by  the  motor  is  thus  assured.  To  form  an  idea  of  the 
economy  of  a  steam  motor,  Marcel  Deprez  says  that  daily  experi- 
ence demonstrates  that  a  locomotive  boiler  consumes  1  kg.  of  coal 
per  8  kg.  (1  lb.  per  8  lb.)  of  steam.-  The  trials  made  by  the 
flastem  Railway  Company  of  France  demonstrated  that  the  horse- 
power hour  can  be  obtained  at  the  tyres  of  the  driving  wheels 
after  allowing  for  the  loss  of  force  by  friction  of  the  mechanism 
with  a  consumption  of  11  kg.  (24*2  lb.)  of  steam.  This  is  equivalent, 
remembering  that  the  French  horse-power  hour  represents  270,000 
kgnx  (1.963,000  ft.-lb.),  to  a  production  of  about  25,000  kgm.  per  kg. 
of  steam  (82.180  ft.-lb.  per  lb.).  Allowing  with  Deprez  that  the  boiler 
of  an  automobile  gives  7  kg.  of  steam  per  kg.  (7  lb.  per  1  lb.)  of  coal, 
and  that  the  efficiency  of  the  motor  is  about  one-third  less  than 
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that  of  the  locomotive,  the  kg,  of  steam  would  then  only  give 
165  kgm.  (1  lb.  would  give  54*25  ft. -lb.).  Deprez  considers  that  by 
superheating  the  steam  suitably  these  figures  could  be  exceeded. 
Calculating  from  these  figures,  and  reckoning  a  traction  co-efiicient  of 
003  on  level  ground,  it  may  be  ascertained  what  quantity  of  coal 
would  rim  a  one-ton  car  100  km.  (62  miles)  with  a  difference  of 
altitude  between  the  starting  and  arrival  points  of  500  m.  (547 
yards).  The  work  to  be  developed  would  amount  to  3,500,000  kgni. 
(25,316,000  ft.-lb.).  The  amount  of  steam  necessary  to  give  this 
work  would  be  212  kg.  (4664  lb.),  and  the  amount  of  coal  to 
produce  this  steam  30  kg.  (66  lb.),  say  300  gr.  (066  lb.)  of  coal 
per  kilometre  tonne,  that  is  11  lb.  of  coal  per  mile-ton.  With  coal 
bought  retail  at  the  rate  of  £1  12«.  per  ton  this  would  cost 
0'\\4d.  per  km.  (062  mile).  Allowing  that  an  automobile  gives 
the  same  economic  results  as  a  locomotive,  say  8  kg,  (176  lb.) 
of  steam  per  kg.  (22  lb.)  of  fuel,  and  25,000  kgm.  (181,000 
ft.-lb.)  at  the  wheel  tyres  per  kg.  (2*2  lb.)  of  steam,  the  con- 
sumption falls  to  175  g.  of  coke  per  kilometre-tonne  (9*4  oz.  per 
mile-ton),  reckoned  at  £1  the  ton,  the  cost  falls  to  0'41rf.  per 
kilometre-tonne  (0*67rf.  per  mile-ton),  which  is  certainly  little. 

The  great  objection  to  the  steam  motor  is  the  necessity  of  a 
boiler,  which,  with  the  supply  of  water  and  fuel,  is  a  considerable 
weight.  It  is  taken  that  the  boiler,  like  that  of  a  locomotive,  can 
give  90  kg.  (198  lb.)  of  steam,  and  weighs  120  kg.  per  m.*  (2457  lb. 
per  sq.  ft.)  of  heating  surface,  and  that  the  automobile  must  run 
30  km.  (186  miles)  per  hour  when  the  gradients  do  not  exceed  3 
per  cent.  To  maintain  this  speed  with  this  maximum  declivity, 
the  motor  must  furnish  per  second  energy  equal  to  500  kgni. 
(3,600  ft.-lb.),  and  the  hourly  consumption  will  be  about  110  kjj. 
(242  lb.)  of  steam.  For  this  the  heating  surface  of  the  boiler  should 
be  1-25  m.*  (135  sq.  ft.),  and  the  weight  125  x  120  =  158  kg. 
(347*6  lb.).  As  regards  supplies,  if  the  automobile  has  to  run  100  km. 
(62  miles)  without  replenishing,  it  must  carry  212  kg.  (466*4  IK) 
of  water,  and  30  kg.  (66 lb.)  of  coke;  total,  242kg.  (53241b.).  Thus 
the  boiler  and  supplies  weigh  about  400  kg.  (8001b.),  say  40  per 
cent,  of  that  of  the  car ;  this  is  an  enormous  proportion.  Reckon- 
ing the  weight  of  a  two-cylinder  motor  as  50  kg.  (110  lb.),  includinj; 
valve  gear  and  the  weight  of  two  persons,  with  their  light  baggage 
as  200  kg.  (4401b.),  there  remains  a  little  more  than  350  kg.  (7701b.) 
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for  the  weight  of  the  vehicle  alone.  With  the  more  favourable 
hypothesis  admitted  in  the  second  place,  the  weight  of  the  supples 
would  be  reduced  to  140  +  17*5,  about  160  kg.  (352  lb.).  If  the 
boiler  gave  an  efficiency  equal  to  that  of  torpedo-boat  boilers,  which, 
with  equal  heating  surface,  do  not  weigh  more  than  0.6  of  the 
weight  of  locomotive  boilers,  it  would  weigh  only  0*6  x  150  = 
90  kg.  (198  lb.).  Thus  boiler  and  supplies,  being  scarcely  250  kgs. 
(550  lb.),  will  only  represent  one  quarter  of  the  weight  of  the  car. 
It  a  simple  means  is  found  of  adding  a  condensing  apparatus  the 
supply  of  water  will  be  much  decreased,  as  already  is  the  case, 
especially  with  some  types  of  SerpoUet  cars.  Besides,  more 
frequent  supplies  than  supposed  may  be  allowed,  water  being 
taken  in  every  50  km.  (31  miles)  instead  of  100  km.  (62  miles). 
Other  inconveniences  of  the  coal-fired  boiler  are:  (1)  There  is 
difficulty  in  placing  it  so  that  it  can  be  easily  tended,  and  yet  not  be 
in  the  passengers'  way.  (2)  It  requires  the  attendance  of  a  com- 
petent stoker.  (3)  It  throws  out  sparks,  smoke,  and  steam,  which 
may  frighten  horses  and  inconvenience  pedestrians.  The  heavy 
vehicle  trials  at  Versailles  in  1897  demonstrated  that,  these  incon- 
veniences could  be  almost  suppressed  by  furnishing  the  funnel 
with  a  grating  to  prevent  the  escape  of  sparks  and  by  super- 
heating the  exhaust  steam,  and  mixing  it  with  the  hot  gases  of 
combustion  so  as  to  render  it  invisible.  (4)  It  requires  some 
time  (half  an  hour)  to  get  up  steam.  All  these  inconveniences 
are  much  lessened  when  liquid  fuel  replaces  the  coal  or  coke. 
as  in  the  majority  of  modem  light  cars. 

For  light  touring  automobiles  propelled  by  steam,  change  of  fuel 
is  necessary.  Many  cars  use  petrol  spirit  with  which  storage  of 
considerable  energy  becomes  easier  (it  gives  more  than  10,000 
calories  per  kg.  (18,026  British  heat  units  per  lb.),  instead  of  8,000 
calories  (14,420  British  heat  units)  like  coke,  and  can  be  carried  in  a 
vessel  whose  shape  can  be  made  to  accommodate  available  space) ; 
with  liquid  fuel  the  ordinary  advantages  of  steam  exist,  a  stoker  is 
not  needed,  the  management  of  the  fire  is  reduced  to  working  a  tap, 
lighting  up  is  instantaneous,  and  getting  up  steam  pressure  rapid. 
Economy  will  be  increased  when  heavy  crude  oils  replace  the 
more  expensive  spirit.  There  is  no  doubt  that  for  long  distance 
touring — for  which,  hitherto,  petrol  motors  seem  to  have  been 
adopted  exclusively — this  system  of  heating  will  become  popular. 
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The  petrol  motor  has  the  advantage  over  steam  of  giving  a 
greater  efficiency,  and  a  greater  amount  of  energy  is  stored  volume 
for  volume  and  weight  for  weight  than  with  steam.  To  run  a  one- 
ton  automobile  for  a  distance  of  100  km.  (62  miles)  4*66  kg.  (I0'25 
lb.)  of  petrol  spirit  is  required,  this  having  a  volume  of  6"66  1.  (ll*7-i 
pt.),  reckoning  the  density  of  the  petrol  at  0*7.  One  kg.  (22  lb.)  of 
petrol  spirit  corresponds  to  at  least  10,000  calories,  or  4,250,000  kgm. 
(30,740,850  ft.-lb.),  which,  according  to  Deprez,  represents  about 
750,000  kgm.  (5,425,000  ft.-lb.)  available  at  the  wheel  tyres.  But 
taking  250,000  kgm.  (1,808,300  ft.-lb.)  to  be  the  actual  work  at  the 
tyres  per  kg.  of  petrol  spirit,  the  weight  of  spirit  required  for  the 
100  km.  will  be  1398  kg.  (30-75  lb.),  representing  at  07  density 
nearly  20  1.  (35  pt.).  Even  reckoning  the  weight  of  the  petrol 
reservoir  and  carburetter,  the  weight  is  small  in  comparison  with 
that  required  by  steam.  The  total  weight  of  a  6J  h.p.  petrol 
motor  with  all  accessories  and  supplies  may  not  exceed  200  kg. 
(440  lb.),  whilst  a  steam  motor  of  equal  power  would  weigh  450  kg. 
(990  lb.).  The  enormous  difference,  even  though  reduced  a  little  to 
allow  for  the  weight  of  the  water  which  cools  the  motor,  remains  iree 
for  strengthening  the  carriage  work.  Another  advantage  of  petrol 
motors  is  the  comparative  ease  with  which  they  are  started. 

The  disadvantages  of  petrol  motors,  however,  are  numerous.  The 
chief  is  the  absence  of  elasticity  or  adaptability  of  working  As 
Soreau  remarks,  the  amount  of  carburetted  air  is  regulated  by 
the  volume  of  the  cylinder,  but  its  richness  cannot  vary  greatly, 
because  the  explosion  does  not  occur  when  the  proportions  corre- 
sponding with  complete  combustion  are  exceeded  or  not  attained. 
The  quantity  and  the  richness  of  the  explosive  mixture  are  almost 
invariable,  and  it  follows  that  the  power  cannot  be  greatly  increased. 

Moreover,  the  motor  does  not  give  a  profitable  efficiency,  and 
the  power  for  which  it  was  constructed,  unless  it  revolves  at  the 
normal  rate  of  speed.  However  little  it  may  vary  from  this,  the 
fuel  is  wasted  partly,  and  the  motor  power  decreased.  For  varying 
the  speed  and  work  of  the  car,  between  the  motor  shaft  and  the 
driving  wheels  is  placed  a  system  of  transmission  gear,  which 
absorbs  some  of  the  useful  power,  and  complicates  the  mechanism. 
In  practice  it  even  happens  frequently  that  the  dimensions  of  these 
parts  are  calculated  badly.  For  example,  when  a  car  climbs  a  hill 
at  slow  speed,  its  maximum  power  being  required,  the  motor  must 
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not  cease  to  turn  at  its  regular  speed.  Now,  very  often  the  trans- 
mission gear  is  so  arranged  that  the  motor  cannot  preserve  its 
regular  speed ;  this  is  a  real  but  only  too  frequent  defect  of  con- 
struction. Motive  power  being  due  to  the  combusion  of  the  car- 
buretted  mixture,  the  working  is  not  so  smooth  as  that  of  a  steam 
motor ;  the  jolts  are  destructive  to  the  material,  and  little  conducive 
to  uniform  motion.  Moreover,  a  heavy  fly-wheel  is  necessary  with 
the  petrol  motor,  and  some  constructors  have  a  tendency  to  lighten 
it ;  then  it  is  unable  to  store  all  the  energy  which  is  lost  in  de- 
structive effects,  and  the  motor  is  thus  found  unable  to  give  the 
work  for  which  it  was  calculated.  The  enormous  speed  at  which 
a  petrol  motor  is  run  tends  to  make  the  quickly  running  car  itself 
serve  as  a  fly-wheel,  and  vibrations  are  much  decreased.  At  low 
speeds,  however,  and  still  more  so  during  stoppages  of  the  car,  the 
vibrations  are  a  great  inconvenience.  If  the  motor  were  stopped 
always  when  the  car  was  stopped  it  would  be  necessary,  when 
re-starting  the  motor,  to  rotate  the  motor  shaft  by  turning  the 
winch,  and  this  would  necessitate  the  driver  leaving  his  seat. 
Running  of  the  motor  during  stoppages  of  the  car  involves,  of 
course,  sheer  loss  of  petrol  spirit.  A  great  inconvenience  of  the 
petrol  motor  is  the  necessity  of  cooling  the  cylinder.  Air-cooling 
answers  only  when  the  motive  power  is  not  greater  than  2  or 
3  h.p.  (some  few  constructors  consider  it  possible  beyond  this); 
above  this  power  water-cooling  must  be  employed,  and  for  this 
purpose  a  considerable  and  frequently-renewed  quantity  of  water 
is  required. 

Another  defect  is  that  the  driving  strain  being  always  produced 
on  the  same  side  of  the  piston  the  motor  cannot  adapt  itself  to  a 
change  of  direction;  consequently,  in  order  to  make  a  backward 
movement,  use  must  be  made  of  gearing  or  pulleys  with  a  crossed 
belt.  These  are  not  found  on  some  vehicles,  but  in  France  the 
Regulations  of  March  10,  1899,  impose  them  upon  all  automobiles 
which  empty  exceed  250  kg.  (550  lb.)  in  weight.  Carburet  ting,  in 
itself  fickle,  varies  particularly  with  the  humidity  and  temperature 
of  the  outer  air,  and  this  often  is  a  source  of  trouble,  especially 
to  the  inexperienced.  The  exhaust  gases  exhale  an  odour  whichi 
though  not  noticeable  to  the  passengers,  is  very  unpleasant  to 
people  in  the  wake  of  the  car.  Petrol  spirit  is  dangerous  to 
handle,  especially  when  a  light  has  to  be  used  at  night,  and  the 
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tanks  and  carburetters  ^must  be  emptied.  The  cost  price  of  traction 
is  greater  than  with  coke ;  thus  Avith  petrol  spirit  the  100  km. 
run  with  a  one-ton  car  would  cost  (petrol  spirit  at  4*3<Z.  per  L, 
that  is,  2'^1.  per  pt.),  either  28.  4Jd,  or  78.  l|d,  either  0-285d.  or 
0'S55d.  per  kilometre  tonne,  that  is,  either  0'475rf.  or  l*42rf.  per 
mile-ton,  according  to  which  hypothesis  is  adopted  (see  p.  344). 
With  coke  the  cost  of  a  kilometre  ton  is  from  0H4id.  to  00418rf., 
and  of  a  mile- ton  from  Oldd.  to  0"069<i.  Jhe  above  inconve- 
niences are  increased  very  much  as  the  size  of  the  motor  increases, 
and  so  a  limit  is  placed  upon  the  power  of  the  petrol  motor. 
This  seems  likely  to  bar  its  use  for  the  transport  of  any  load 
weighing  more  than  ],500  kg.  (3,300  lb.,  a  little  less  than  1^  tons). 
This  margin,  however,  allows  a  town  or  suburban  delivery  by 
automobile  instead  of  by  traction  engine.  The  absence  of  a  boiler 
and  the  lightness  of  the  motor  supplies  would  deprive  the  traction 
engine  of  weight  which  is  essential  to  it  to  obtain  sufficient 
adhesion.  On  the  other  hand,  the  advantages  of  carrying  considerable 
energy,  of  easily  obtaining  supplies  on  the  road,  and  that  one 
person  can  both  drive  and  attend  to  the  car,  make  the  petrol 
automobile  the  indispensable  agent  for  long-distance  touring. 
Recommendations  of  petroleum  in  the  place  of  petrol  spirit  are  its 
lower  inflammability,  this  decreasing  dangers  of  conflagration,  and 
its  cheaper  cost.  Petrol  spirit  gives  off  inflammable  vapours  at  5^  C, 
often  at  0^  C,  whilst  petroleum  can  be  heated  to  35°  C.  without 
igniting,  even  when  a  hghted  match  is  held  near.  As  regards 
economy,  allowing  with  Witz  that  0*57  1.  (1  pt.)  of  petrol  spirit 
and  054  1.  (095  pt.)  of  petroleum  respectively  give  the  effective 
horse-power  hour,  and  reckoning  the  former  at  4-27d.  per  1. 
(2AS(l  per  pt.),  and  the  latter  at  2'28d.  per  1.  (l'3d.  per  pt), 
it  follows  that  the  horse-power  hour  with  petrol  spirit  costs 
2*47c?.  and  with  petroleum  l-235rf.,  exactly  half.  The  difficulties  of 
carburetting  petroleum  are  not  insurmountable,  and  already  some 
automobiles,  the  Routs  for  example,  are  driven  with  petroleum. 

With  regard  to  the  electric  automobile,  the  continuity  of  rotaty 
motion,  its  elasticity,  and  what  is  practically  automatic  regulation, 
give  superiority  to  the  electric  motor.  It  is  managed  easily,  is  docile, 
has  a  noiseless  motion,  and  the  motor  itself  is  mounted  in  a  verj' 
simple  manner.  Over  petrol  cars  it  has  the  advantages  of  easier 
starting,  greater    cleanliness,   and   perhaps   lower  cost   of   upkeep. 
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There  is  but  little  vibration  with  the  electric  automobile,  no  bad 
odour,  and  no  consumption  of  energy  whilst  the  car  is  stopped.  It 
is  not  claimed  that  electric  cars  will  not  burn,  because  it  is  possible 
for  the  celluloid  of  the  accumulator  cases  to  be  ignited  by  a  short 
circuit ;  but  all  serious  risk  of  fire  can  be  avoided  by  replacing 
celluloid  with  ebonite,  though  this  adds  slightly  to  the  weight. 

The  inconveniences  of  electricity  as  automobile  motive  power 
are  increase  of  dead  weight  carried,  maintenance  and  renewal 
of  accumulators  of  uncertain  duration,  difficulty  of  obtaining 
supplies  for  the  accumulators,  and  the  loss  of  time  in  charging. 
These  inconveniences  are  lessened  greatly  in  cars  for  town  work. 

The  part  assigned  to  each  of  the  three  principal  agents  is,  then, 
in  brief,  steam  for  heavy  loads,  petrol  for  long-distance  touring,  and 
electricity  for  town  cars.  This  statement  must  not  be  taken  too 
literally,  because  the  light  steam  touring  car  has  proved  its  worth 
of  late,  and  on  the  other  hand  the  MUnes  and  some  French  and 
German  petrol  lurries  promise  to  rival  the  heavy  steam  car. 
Besides,  the  general  remarks  hitherto  made  must  be  brought  to 
bear,  especially  as  regards  facilities  for  obtaining  new  supplies  of 
energy.  There  is  now  no  difficulty  in  obtaining  petroleum  and 
petrol  spirit,  but  electric  supplies  are  not  so  easily  got,  unless  the 
house  has  a  suitable  installation.  As  regards  rapidity  of  starting, 
the  order  is  electric,  petrol,  and  steam. 

The  petrol-electric  car  has  not  been  considered  in  this  chapter, 
and  it  is  difficult  to  give  it  its  place  in  relation  to  the  other  types. 
Experience  and  comparative  tests  are  lacking,  and  there  seem  to 
be  no  published  figures  from  which  any  helpful  conclusions  can  be 
drawn.  However,  admitting  that  of  the  three  types  just  considered 
the  best  all-round  car  is  the  one  driven  by  petrol,  and  that  this  is 
likely  to  be  so  until  the  electric  car  has  progressed  out  of  all  pro- 
portion to  the  rate  of  its  development  hitherto,  it  certainly  seems 
that  there  is  a  big  future  before  the  petrol-electric  car.  The  system 
is  fully  explained  in  Chapter  XX.  (p.  731),  and  its  peculiarities 
cannot  be  gone  into  here ;  briefly,  it  is  a  petrol  car  with  an  electrical 
transmission  and  a  reserve  of  electrical  power,  and  apparently  it  is  as 
suitable  for  heavy  loads  as  it  is  for  long  distance  touring,  and  whilst 
not  as  well  adapted  for  town  use  as  the  purely  electrical  car,  it 
certainly  has  advantages  over  petrol  in  that  respect,  and  over 
electricity  and  steam  for  touring. 
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CHAPTER    X. 

TRACTION   RESISTANCES  :     DETERMINING    MOTOR    POWER    REQUIRED     BY 

AN    AUTOMOBILE. 

In  calculating  the  power  necessary  to  make  an  automobile  run  at 
a  required  speed,  it  is  first  necessary  to  know  the  useful  effort  which 
will  have  to  be  developed  at  the  tyres  of  the  driving  wheels.  This 
effort  will  be  determined  bv  the  resistance  of  the  vehicle  to  tractioa 

This  chapter  embodies  all  the  important  facts  concerning  traction 
resistances  put  forward  in  the  first  edition  of  this  work,  but  in  the 
present  form  as  regards  the  first  nine  pages  it  is  an  abstract  from  a 
report  prepared  by  Prof  H.  S.  Hele-Shaw,  and  presented  at  the  1902 
meeting  of  the  British  Association  for  the  Advancement  of  Science. 
It  .summarises  the  results  obtained  by  most  of  the  English  and 
French  observers. 

It  may  be  remarked  that  observations  and  experiments  by  MM. 
Correze  and  Manes  showed  that  the  resistance  to  rolling  is  composed 
of  two  elements:  (1)  Friction  of  the  wheel  upon  the  road ;  (2)  axle 
friction.  Regarding  (1),  that  wheels  of  vehicles  destroy  the  road  in 
proportion  to  their  load,  width  of  tyres,  and  speed.  If  the  tyres  be 
narrow  the  friction  may  be  simply  treated  as  a  rolling  friction,  but  if 
the  tyre  be  wide  then  a  pivoting  action  is  introduced.  The  effiBCt 
which  a  wheel  produces  on  the  road  depends  upon  the  load  upon  the 
wheel,  the  resistance  of  the  material  of  which  the  road  is  made,  and 
on  the  nature  of  the  surface.  If  the  load  be  great  and  the  tyres 
narrow,  the  wheel  will  form  a  rut  in  the  road,  but  if  the  tyre  be 
wide  the  load  becomes  distributed  and  does  not  damage  the  roadway. 
MM.  Correze  and  Manes  proved,  by  direct  experiment,  that  the  ratio 
between  the  tractive  effort  and  the  load  increases  with  the  speed 
Carriages  with  four  wheels  in  unequal  pairs  require  less  tractive  effort 
than  those  with  two  wheels  or  two  equal  pairs  of  wheels. 

Coriolis  (1835)  drew  the  following  conclusions : — That  to  reduce 
the  work  due  to  resistance  the  road  ought  to  have  as  great  a  rigidity 
as  possible,  and  that  the  springs  should  be  as  flexible  as  possible 
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Experiments  were  made  by  General  Morin,  1837-42.  The  results 
have  been  collected  together  into  a  large  treatise,  from  which  the 
following  is  taken : — (a)  There  is  the  simple  turning  of  one  curve  on 
another  when  the  two  curved  surfaces  are  always  in  contact, 
and  when  the  arcs  passed  through  in  a  given  time  are  of  equal 
length. 

(6)  Simple  rotation  of  a  cylinder  on  a  horizontal  surface,  when 
the  surface  formed  on  the  plane  is  an  envelopment  of  the  cylinder. 
A  cylindrical  body  alone  can  roll  on  a  plane  in  a  straight  line.  If  the 
body  be  not  cylindrical,  the  rolling  motion  is  accompanied  by  sliding, 
or,  what  amounts  to  the  same  thing,  pivoting.  Thus  a  wheel  with  a 
cylindrical  tyre,  when  rounding  a  curve,  is  subjected  to  simple 
rotation  and  also  a  pivoting  action  about  its  vertical  axis,  and 
consequently  tends  to  twist  from  its  true  position.  Calling  R  the 
resistance  due  to  friction,  which  is  supposed  to  act  tangentially  to 
the  wheel  ot  which  r  is  the  radius,  p  the  pressure  transmitted  by 

the  wheel  to  its  supports,  and  A  a  constant ;  then  R  =  A  ^,  which 

r 

sums  up  the  law  for  rolling  friction.     Morin  experimented  to  ascertain 

the  truth  of  this  law,  and  drew  the  following  conclusions : — (1)  On 

fibrous  materials,  such  as  wood;  on  spongy  textures,  as  leathers;  on 

granular  bodies,  as  plaster:  "That  the  resistance  to  rolling  varies 

inversely  as  the  diameter  of  the  wheel,  measuring  this  forc^   (R)  at 

the  circumference  of  the  wheel.     (2)  On  compressible  surfaces :  "  That 

the  resistance  to  rolling  increases  as  the  width  of  the  tyre  diminishes." 

(3)  On  an  elastic  substance,  such  as  indiarubber :  "  That  the  depth  of 

the   depression  is  practically  proportional  to  the  pressure,  provided 

that  the  elasticity  remains  constant;  the  depth  of  the  depressions 

increases  as  the  width  of  the  tyre  diminishes."    On  a  homogeneous 

body,  such  as  wood :  "  That  the  pressure  alters  the  elasticity,  and  that 

the  resistance  to  rolling  increases  more  rapidly    as    the  pressure 

increases;  consequently  wood  pavements  are  not  suitable  ior  heavy 

traffic."     The  law  quoted  is  not  a  general  or  mathematical  law,  but 

only  approximately  true  for  certain  cases.     The  causes  that  have  an 

efieet  on  the  tractive  effort  and  also  tend  to  destroy  the  roads  are  : — 

(I)  The  weight  or  pressure  on  the  ground ;  (2)  the  diameter  of  the 

wheels ;  (3)  the  width  of  the  tyres ;  (4)  the  velocity  of  the  vehicle ; 

(5)  the  angle  of  inclination  of  the  pull ;  and  (6)  the  efficiency  of  the 

springs. 
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The  following  table  gives  the  results  (after  General  Morin)  of  the 
relation  between  the  tractive  effort  and  the  total  load  for  different 
kinds  of  roads  and  vehicles : — 


DeBcriptiou  of  State  of  Roads. 

Artillery 
WaggoiiH. 

Goods 
Waggoim. 

Carts. 

Coaches  and  Carriages 
with  Springs. 

1 

Turf  softened  by  melting  snow 

1 

^_^ 

_ 

Turf  firm         

^ 

— 

— 

Turf  very  dry 

iV 

— 



Earthways  in  good  condition,  ) 
dry,  etc ) 

1 

1 

A 

A 

Earth  road,  covered  with  un-  ) 
trodden  snow          \ 

A 

A 

A 

A 

Firm  earth  with  a  bed  of  pand  j 

i 

t 

A 

+ 

or  gravel  *!  to  '16  m.  thick    \ 

T 

Macadam,  dry  and  uniform  . . . 

3"* 

ttV  to  j\ 

AtO|^ 

iS  walking.    Vj 

trotting. 

Macadam,  wet  and  dusty,  pro- 
jecting stones          

tV 

■fh  to  A 

Atoi/f 

A 

A 

ti 

Macadam,   firm,  slight  wear, 
and  soft  mud          

■SG 

A-to^r 

A  to  A 

A 

A 

T,        ' 

Macadam,  firm,  with  ruts  and 

m 

•         J              • 

m          A                ■ 

1 

very  muddy 

il 

Ato^ 

^s  to  ,Hr 

¥T 

A 

t» 

Macadam,   worn  and  covered  1 
with  thick  mud       J 

a               J                      « 

A 

AtoVr 

i^to^^r 

A 

A 

»» 

Macadam,    badly    worn    and  | 
rutty,  mud  very  thick       . . .  j 

iV 

AtoA 

Ato,v 

A 

A 

»» 

Macadam,   very   badly   worn,  's 
and    with  deep  ruts,  hard' 

« 

1     X        . 

^          X  -.          f 

'f 

« 

foundation,     and     unequal  C 
surface         J 

A 

iVtoA 

Ato^ 

A 

I'c 

•» 

Sandstone  roads,  well  set,  and  ) 
closely  laid \ 

A 

A  to  A 

AtOT^T 

A 

.V  i 

full  jog. 

Paved  roads,  wet,  and  covered  j 
with  mud     ) 

A 

Ato^ 

BVtoA 

A 

Vf 

trotting. 

Timber  flooring  of  a  bridge... 

A 

A  to  A 

A 

A 

tV 

i» 

Dupuit,  however,  pointed  out  a  number  of  errors  in  Morin's 
calculations,  and  concluded  from  his  own  experiments  that  on 
uniform  surfaces  generally,  as  macadam,  the  tractive  eflbrt  is 
(1)  proportional  to  the  load ;  (2)  independent  of  the  width  of  tyres; 
(3)  inversely  proportional  to  the  square  root  of  the  diameter  of  the 
wheels;  and  (4)  independent  of  the  velocity.  Further,  that  the 
tractive  effort  or  horizontal  force  necessary  to  move  a  vehicle  on 

•  

/2K 

the  level  is  expressed  by  the  formula  T  =  />~p— ,  where  P  —  weight 

of  vehicle  ;    R  =  resistance  to   rolling ;    and  p  =  a  constant  which 
expresses  a  ratio  between  the  compressibility  and  elasticity  of  the 


TRACTION  BESTSTANCES. 


351 


surface,  so  that  p  =  ^  ~7^»  ^  which  e  is  the  instant  compression  of 

the  ground,  and  e^  the  permanent  set  due  to  the  load.  On  paved 
roads  Dupuit  recognised  that  the  formula  had  to  be  modified,  for 
although  the  force  required  is  always  proportional  to  the  load  and 
to  the  square  root  of  the  diameter  of  the  wheels,  yet  it  increases  with 
the  speed,  and  diminishes  as  the  width  of  tyre  diminishes  within 
certain  limits,  and  also  that  springs  diminish  the  force  required, 
whereas  on  macadam  springs  have  very  little  influence.  Dupuit's 
table  for  the  ratio  of  tractive  force  to  load  is  as  follows : — 


Ratio  of  Tractive  Force  to 

Diameter 

Wlilth  of 

Pres«ure  on 

Cbua  of  Vehicle. 

of 
Wheels. 

Tyres  in 
Metres. 

Macftdain, 

Paved  Roads. 

WaUiiig 
or 

Trotting. 
•032 

Walking. 
•012 

Tnittlng. 

x-^M  ■  li              ...               ...                ■■•               ■••               «•• 

1^82 

•05 

•028 

Rttbbiflh  cart     ... 

.  '      1-85 

•075 

•031 

•0205 

•028 

»f          »» 

1-89 

•11 

•03 

•0176 

•028 

»t          »>       ••• 

1-90 

•14 

•03 

•0166 

•028 

Gig         ...    *    ... 

.  1      1-48 

•05 

•036 

•024 

•034 

Ouriage 

1-96 

•17 

•029 

•0177 

•028 

Char-a-banc 

l^oO 

•05 

•036 

•03 

•037 

r*           »» 

0-86 

•05 

•036 

•03 

•037 

Coach     

1*5 

•13 

•029 

•016 

•02 

>»         ... 

0-95 

•13 

•020 

•016 

•02 

Dupuit  found  that  the  mean  force  required  to  draw  a  vehicle 
loaded  up  to  1,000  kg.  (2,200  lb.)  was  on  macadam  roads  =  30  kg. 
(66  lb.),  on  paved  roads  =  20  kg.  (44  lb.) ;  that  on  flagstones  perfectly 
dressed  the  tractive  force  required  equals  6  kg.  (13*2  lb.)  per  ton,  and 
that  on  asphalt  the  tractive  force  equals  about  10  kg.  (22  lb.)  per  ton. 
From  these  he  obtained  the  following  ratio:  —  The  resistances 
on  railroads,  pavements,  and  macadam  are  as  1,  4,  and  6  ; 
but  these  resistances  are  not  in  proportion  to  the  respective  rough- 
nesses, which  are  as  1,  15,  and  36.  Dupuit  found  that  the  edges  of 
tyres  became  furrowed  into  deep  grooves,  and  that  some  particles  of 
the  stretched  iron  became  detached.  He  concluded  that  the  length 
of  contact  of  a  tyre  is  of  more  importance  than  the  width,  and  that 
wide  tyres  are  only  useful  when  they  bear  on  the  road  throughout 


352  THE   AUTOMOBILE, 

their  whole  width,  and  in  cases  w^hen  the  road  is  soft,  uneven,  and  in 
a  bad  condition.  Moreover,  since  the  tyre  is  rounded,  the  pressure  is 
unequal  throughout  its  whole  width,  and  not  only  does  it  diminish  on 
both  sides  of  the  centre,  but  to  the  right  and  left,  the  surface  in 
contact  forming  an  ellipse  the  major  axis  of  which  increases  far  more 
rapidly  with  the  diameter  of  the  tyre  than  the  minor  axis  increases 
with  the  width  of  tyre.  Dupuit  further  concluded  that  4,000  kg. 
(8,800  lb.)  might  be  taken  as  a  standard  load  for  a  two-wheel  vehicle, 
and  the  weighting  distributed  as  follows :  Wheels  (one  pair),  600  kg. 
(1,320  lb.);  axle  and  frame,  520  kg.  (1,146  lb.);  useful  load.  2,880kg. 
(6,350  lb.).  From  experiments  Dupuit  concluded  that,  providing  the 
road  had  no  very  sudden  rises  or  depressions,  the  effect  of  the 
undulations  was  practically  nil. 

Edmund  Leahy,  C.E.  (1847)  states  that  the  power  required  to 
move  a  car  on  a  level  road  depends  upon  the  friction  of  the  axles  and 
the  resistance  to  rolling.  I'he  friction  of  the  axles  is  the  same  in 
nearly  all  cases,  as  long  as  the  load  and  the  car  are  the  same ;  but  the 
resistance  to  rolling,  having  its  immediate  action  at  the  tyre,  must  be 
variable  according  to  the  description  of  road  on  which  the  wheels 
move.  He  proves  that  the  friction  at  the  axle  can  be  represented  by 
the  following  formula : — 

P  -  W  i^  tan  A, 
2r 

where  P  is  that  force  applied  at  the  tyre  which  is  just  sufficient  to 
rotate  the  wheel  when  supported  on  its  axle,  where  W  is  the  load  on 
the  axle,  d  the  diameter  of  the  axle,  2r  the  diameter  of  the  wheel,  and 
A  is  the  limiting  angle  of  resistance  for  the  surfaces  in  contact 

Coming  to  more  modem  and  more  representative  experiments,  A. 
Michelin  (1896)  made  a  series  of  five  tests,  the  general  data  being: — 
Diameter  of  iron  wheels,  front  0*92  m.  (36*2  in.),  back  112  m. 
(441  in.) ;  diameter  of  pneumatic  wheels,  front  0*90  m.  (35*4  in.), 
back,  1-20  m.  (47*25  in.) ;  weight  of  iron  wheels,  front  58  kg.  (127-8  lb.) : 
back  72  kg.  (158*7  lb.);  weight  of  pneumatic  wheels,  front  39  kg. 
(86  lb.),  back  56  kg.  (1234  lb.);  weight  of  brake,  empty,  iron  wheels, 
577  kg.  (1  272  lb.),  and  weight  of  brake,  empty,  pneumatic  wheels, 
542  kg.  (1,195  lb.).  He  found  that  even  upon  hard  and  smooth  ground 
pneumatic  tyres  gave  a  greater  economy,  amounting  to  about  one- 
third.  Experiments  were  made  on  a  good  regular  macadam  road; 
length  100  m.  (328  ft.),  grade  1*5  per  cent.    Each  test  was  repeated 
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several  tiines  with  an  empty  vehicle,  from  which  were  deduced  the 
following  average  speeds : — For  pneumatics,  4*900  km.  (3  miles)  per 
hour  =  walking  speed ;  10-5  km.  (65  miles)  =  trotting ;  and 
151 2  km.  (94  miles)  =  quick  trot.  For  iron,  4550  km.  (282  miles) 
per  hour  =  walking  speed ;  10*94  km.  (6*8  miles)  =  trotting ;  and 
15*12  km.  (9*4  miles)  =  quick  trot.  The  averages  of  the  forces  exerted 
are  shown  in  the  following  table: — 


For  pneumatics . 
For  iron  wheels 


Walking. 


130  kg. 
13-8  kg. 


Trotting. 


13-6  kg. 
17-0  kg. 


Quick  Trotting. 


13-6  kg. 
22-1  kg. 


It  will  be  noticed  that  at  the  trot  and  quick  trot  the  results  for 
pneumatics  are  the  same.  It  appears,  then,  that  whatever  the  speed 
may  be  within  reasonable  limits,  the  force  absorbed  by  traction  varies 
but  little  on  good  ground  with  pneumatic  tyres.  Then  the  advan- 
tage of  the  pneumatic  over  the  iron  tyres  increases  with  the  speed- 
With  100  as  the  pneumatic  traction,  the  iron  traction  at  the  ordinary 
trot  is  126,  and  at  quick  trot  164.  The  following  conclusions  can  be 
drawn  from  the  experiments: — (1)  The  solid  indiarubber  tyre  is 
better  than  the  iron  in  certain  cases,  especially  if  the  road  be  sticky, 
very  irregular,  or  covered  with  snow ;  but  it  becomes  inferior  to  iron 
if  the  surface  be  hard  and  smooth.  (2)  Solid  tyre  vastly  inferior  to 
the  pneumatic.    (3)  Pneumatic  50  per  cent,  better  than  the  iron. 

Prof  Hele-Shaw  made  a  number  of  experiments  in  1897,  and 
obtained  the  tractive  force  for  agricultural  waggons  and  carts  on  turt 
and  roads.    The  table  on  p.  354  is  a  brief  summary  of  the  results. 

According  to  the  investigations  of  Ira  O.  Baker,  M.Am.Soc.C.E. 
(1902),  the  resistance  to  traction  of  a  vehicle  on  the  road  consists  of 
three  independent  elements  : — (1)  Axle  friction ;  (2)  rolling  resistance ; 
and  (3)  grade  resistance.  Nothing  need  here  be  said  about  grade 
resistance,  since  it  is  perfectly  understood  that  it  is  equal  to  20  lb. 
per  ton  for  1  per  cent,  of  grade. 

1.  Axle  Friction. — The  coefficient  of  friction  varies  with  the 
material  of  the  journal  and  its  bearings,  and  with  the  lubricant  It 
IS  nearly  independent  of  the  velocity,  and  according  to  the  author's 
experiments  seems  to  vary  inversely  as  the  pressure.  Compared  to 
the  weight  on  the  axle,  the  coefficient  for  light  carriages  when  loaded 
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1 

Diameter  of 

Width  of 

Wheels. 

Tyres. 

Weight  of 
Waggon 
or  Cart. 

Load 

Tractive  Force 

Tractive  Fotm 

Inches. 

Inches. 

in 

per  Ton  of 

per  Ton  of 

Lb. 

Tons. 

Load  on  Turf. 

Load  on  Road. 

1 

Fore. 

Hind.  1 

1 

Fore. 

Hind. 

Waggons... 

39 

42 

4 

2,142 

3 

235 

148 

i»       ••• 

39 

42 

4 

1,895 

3 

277 

125 

f»       ••• 

37 

41 

4              4 

1,813 

3 

289 

139 

»»       ••• 

36 

40 

4              4 

1,752 

3 

227 

170 

Carta 

65 

— 

1,281 

H 

269 

116 

tl                      •  ■  ■ 

60 

4} 

— 

1,435 

H 

260 

147 

II                     ••• 

59 

— 

\\ 

— 

1,235 

H 

232 

HI 

m%                                           •  •  • 

59 

— 

— 

1,278 

H 

240 

109 

9f                                   •  •  ■ 

58 

— 

— 

1,333 

H 

253 

130 

•  ft                                    •  •  ■ 

67 

~~ 

H 

— 

1,379 

H 

248 

•     153 

» 

66 

«H^w 

^^^ 

1,148 

H 

235 

108 

=■  0*02 ;  for  heavier  carriages  when  loaded  =  0015 ;  for  American 
thimble  skein  waggon  =  0*012.  The  above  figures  assume  good 
lubrication.  If  there  is  a  deficiency  of  lubricant,  these  figures  are 
two  to  six  times  greater.  General  Morin's  value  for  axle  friction  was 
0'065;  this  difference  is  probably  due  to  the  better  mechanical 
construction  of  the  present  day.  The  tractive  force  required  to  over- 
come the  axle  friction  is  about  3  to  3i  lb.  per  ton  of  the  weight 
on  the  axle  for  ordinary  waggons,  and  from  3  J  to  4i  lb.  for  waggons 
with  medium-sized  wheels  and  axles. 

2.  Rolling  Resistance. — The  resistance  of  a  wheel  to  rolling  is  due 
to  the  yielding  or  indentation  of  the  road,  which  causes  the  wheel  to 
be  continually  climbing  an  inclination.  The  resistance  is  measured 
by  a  horizontal  force  necessary  at  the  axle  to  lift  it  over  the  obstacle, 
or  to  roll  it  up  the  inclined  surface.  The  rolling  resistance  varies 
with  (a)  the  diameter  of  the  wheel ;  (b)  the  width  of  the  tyre ;  (c) 
the  speed  ;  (d)  the  presence  or  absence  of  springs  on  the  vehicle ;  (e) 
the  nature  of  the  road  surface. 

a.  The  Diameter  of  the  Wheel. — The  rolling  resistance  varies 
inversely  as  some  function  of  the  diameter  of  the  wheel,  since  the 
larger  the  wheel  the  less  the  force  required  to  pull  it  over  the  obstacle. 
The  results  of  the  experiments  are  shown  in  the  first  table  on  p.  355, 
the  load  being  If  ton  of  2,000  lb.  per  ton,  with  tyres  6  iiL  wide. 

Morin  concluded  that  the  resistance  varies  inversely  as  the  first 
power  of  the  diameter  of  the  wheel ;  Dupuit  that  it  varies  inversely 
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Description  of  the  Road  Sarface. 


Tractive  Force,  lb.  per  Ton. 


Mean  Diameter  of  Front 
and  Rear  Wheels. 


Hacadam,  slightly  worn,  clear  fair  condition        

GraTfd  road,  dry,  sand  I  in.  deep,  loose  stones     

„  up  grade  2'2  per  cent.,  J  in.  wet  sand,  frozen  below 

EUurth  road,  dry  and  hard 

„        „     I  in,  sticky  mad,  frozen  hard  below,  rough 

Hmothy  and  bluegrass  sod,  dry,  grass  cut  

,f  ,,  ,,      wee,  spongy    ...         ...         •*•         ... 

Cornfield:  flat  culture;  across  rows,  dry 

Ploughed  ground ;  not  harrowed,  dry,  cloddy     


Arerage  value  of  the  tractive  power 


50  in. 

38  in. 

57 

61 

84 

90 

123 

132 

69 

76 

101 

119 

132 

146 

173 

203 

178 

201 

262 

303 

130 

148 

26  in. 


70 
110 
173 

79 
139 
179 
281 
266 
374 


186 


as  the  square  root ;  Clark  that  it  varies  inversely  as  the.  cube  root ; 
and  Baker  that  it  varies  very  nearly  inversely  as  the  square  root  of 
the  mean  diameter. 

6.  Width  of  Tyres, — If  the  wheel  cuts  into  the  road,  the  traction 
is  thereby  increased;  but  for  surfaces  where  there  is  little  or  no 
indentation  the  width  of  tyre  has  practically  no  effect  upon  the 
traction;   see  the  table  below. 

EFFECT  OF  THE   WIDTH    OF   TYRES   ON  TRACTION. 


Resistnnce  to  Traction  in  lb.  per  Ton  of  2,000  lb. 


DeaeriptloD  of  the  Road  Surface. 

44  In.  and  46  in.  Wheeln. 

44.  in.  and 
54  in. 

42  in.  and 
40  in. 

44  In.  ud 

64  In. 

Tyrea. 

Tyres. 

Tyres. 

Tyrea. 

« 

l^in.  '  4  in. 

1 
liin.  '  4  in. 

Uin. 

236 
141 

83 
35 

4iu. 

254 
168 

80 
46 

Uin.  '  Sin 

If  in. 

189 
114 
265 

66 
28 

Sin. 

wO^X           •  •               « • »               •  •  • 

Kof^t:  earth  hard  ... 

„            „      muddy 
&ind :  hard 

,,      deep   ... 
Gravel 
Wood  block :  round 

199 
371 

51 

108 
243 
162 
351 

49 

1 

268     304 
171      164 

98      117 

61        70 

1 

1 

283      239 
152      152 

54 

228 
114 
228 

76 

38 

c.  Effect  of  Speed,  —  The  rolling  resistance  increases  with   the 
velocity,  owing  to  the  effect  of  the  shocks  or  concussions  produced  by 
x2 
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the  irregularities  of  the  road  surface.  It  requires  from  two  to  six  or 
eight  times  as  much  force  to  start  a  vehicle  as  to  keep  it  in  motion  at 
1'24  to  186  km.  (2  to  3  miles)  an  hour.  The  extra  force  required  is 
due  to: — 

(1)  During  the  stop  the  vehicle  has  partly   sunk   into    the 

road. 

(2)  Axle  friction  is  greater  at  starting  than  after  motion 

has  begun. 

(3)  Energy  is  consumed  in  accelerating  the  load. 

d.  Effect  of  Springs. — Springs  decrease  the  traction  by  decreasing 
the  concussions  due  to  the  irregularities  of  the  groimd,  and  are 
therefore  more  effective  at  high  speeds  than  low,  and  on  rough  roads 
than  on  smooth. 

e.  Different  Road  Surfaces. — The  tractive  force  was  obtained  by 
a  Baldwin  dynagraph.  The  instrument  consists  of  two  long  flat 
springs  fastened  together  at  their  ends,  and  having  their  centres 
farther  apart  than  their  ends.  One  end  of  the  apparatus  is  attached 
to  the  waggon,  and  the  other  to  the  team.  The  pull  of  the  teani 
causes  the  centres  of  the  flat  springs  to  approach  each  other.  One 
spring  supports  a  graduated  disc,  and  .the  other  is  connected  to  an 
index  arm  which  is  pivoted  at  the  centre  of  the  graduated  disc.  From 
one  end  of  this  index  arm  the  pull  can  be  read  directly  from  the 
graduation.  There  are  two  extra  index  arms,  one  to  indicate  the 
maximum  power  developed,  and  the  other  to  indicate  a  rough  average 
The  end  of  the  index  arm,  opposite  the  graduated  arc,  records  the 
amount  of  traction  upon  a  strip  of  paper  which  is  wound  from  one 
cylinder  to  another  by  clockwork;   see  the  table  on  p.  357. 

This  maximum  strain  at  the  wheel  tyres  is  less  than  that  which 
the  motor  must  develop,  because  losses  during  transmission  to  the 
wheel  tyres  must  be  reckoned.  With  steam  motors  and  petrol 
motors  it  is  well  to  estimate  these  losses  at  40  to  50  per  cent, 
respectively  (pp.  807  and  808),  which  gives  60  and  50  per  cent  for  the 
efficiency  of  the  transmission  gear.  Then  the  value  foimd  for  the 
motor  strain  must  be  multiplied  by  |  or  by  2,  accordingly.  The 
simple  transmission  gear  used  with  an  electric  motor  greatly  de- 
creases the  losses  of  energy  between  the  motor  shaft  and  tyres.  In 
calculating  the  energy  to  be  supplied  by  accumulators  (Chap.  VJII.). 
Hospitalier's  estimate  of  90  per  cent  as  eflSciency  of  the  trans- 
mission gear  was  taken,  but  this  is  too  great  in  those  cases  where 
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TRACTIVE  RESISTANCE  OF  LEVEL  PAVEMENTS. 


Description  of  Pavement 


Lb. 
per ton 
2,0001b. 


Asphalt :  cleaiif  smooth,  no  cracks,  52"  F 

f  9  fy  y  I  pf  9  m        X*        «••         •■•         ••«         •••        •■•         ■•• 

fp  yf  yy  yy         si^  Sm  •■■       ••■       ••■       •••       •••       ••• 

Brick  :  3 in.  by  9 in.  bricks  on  concrete^  comers  rounded,  sand  filler,  not  worn    ... 
„  „  ,,  „        but  newer  and  coyered  with  |  in.  dust  ... 

„  „  „  „        but  cement  filler,  just  completed 

„       2^ in.  by  Sin.  brick  on  concrete,  pitch  filler;  new 

„       3  in.  by  8  in.  brick  on  gravel  and  cinders ;  sand' filler,  comers  not  round... 

„       2|  in.  by  8  in  brick  on  sand  and  old  macadam,  tar  filler ;  new      

Granite  block :  smoothly  dressed  3  in.  by  9  in.  blocks  on  concrete  joints,  ^  in.  tar 
filler ;  not  worn 

„  smoothly  dressed,  on  concrete,  pitch  filler ;  new     

„  ordinary  granite,  ten  years*  wear      

Maitidam  :  granite  top,  no  dust,  no  mud  

Plank  road:  oak  plank,  Sin.  by  12 in. ;  nearly  new 

„  same  as  above,  after  worn  down  ^in.  in  many  places;  clean 

„  as  above,  covered  with  ^in.  fine  loose  dirt        

St«el  wheelway :    8  in.  1 1^  lb.  channel,  on  2  in.  by  8  in.  pine,  on  macadam  ;  covered 
with  I  in.  powdered  stone    ... 

„  .,  same  as  above,  scraped  clean  with  a  shovel  

„  „  ,,  „       covered  with  i  in.  fine  dust  

Wood  block :    rectangular  blocks,  3  in.  by  12  in.,  considerably  worn         

„         „         round  cedar  block,  covered  with  J  in.  silica  pea  gi-avel        

n         »i  »  i»        r»  »t         n    i  in.  crushed  gravel         

„  „  „  „        „      clean,  blocks  slightly  convex  on  top      

,,         „         round  cedar  block,  2  in.  plank,  2  in.  sand,  clean,  not  worn 

.,  „         same  as  above,  clean,  slightly  worn     

„         »,  „  „  „      considerably  worn 


37 
70 
34 
17 
31 
22 
24 
37 
25 

29 
30 
36 
18 
32 
38 
40 

40 
19 
28 
36 
90 
50 
53 
37 
51 
54 


there  is  not  a  motor  mounted  on  each  wheel,  because  the  losses 
of  pressure  caused  by  the  differential  gear  and  chain  must  be 
reckoned.  Taking  Morris  and  Salom's  value  of  70  per  cent,  for 
the  eflSciency  of  this  transmission,  it  suffices  to  multiply  the  useful 
motor  strain  by  V*  to  obtain  the  power  normally  to  be  developed  by 
an  electric  motor.  The  method  just  sketched  for  estimating  the 
motive  power  required  is  logical,  but  is  not  always  employed.  It 
would  have  the  advantage  of  proportioning  the  force  of  the  car  to 
the  work  expected,  and  preventing  very  serious  miscalculations. 

Whatever  the  method  employed  to  estimate  the  power  to  be 
given  to  a  motor,  the  resulting  horse-power  will  always  exceed  that 
of  the  horses  which  would  have  to  be  yoked  to  the  car  in  question, 
even  reckoning  the  increase  of  weight  due  to  the  motor  mechanism. 
Even  though  a  horse  can  give  a  power  of  only  50  kgm.  (362  ft.-lb.) 
per  second    during   six  hours   per   day,    whereas  a   1    h.p.   motor 
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can  supply,  during  24  hours,  its  75  kgm.  (542*5  ft.-lb.)  per  second,  a 
total  of  0,480,000  kgm.  (46,870,000  ft. -lb.),  or  six  times  more  than 
the  1,080,000  kgm.  (7,812,000  ft-lb.)  given  by  a  horse ;  it  must  be  re- 
membered that  a  horse  can  easily  double  its  muscular  power  for  some 
considerable  length  of  time,  and  at  a  difficult  passage,  quintuple 
and  even  increase  it  tenfold,  whilst  the  mechanical  motor,  especially 
the  petrol  type,  is  far  from  possessing  such  elasticity.  Thus  it  is 
necessary  to  give  the  mechanical  motor  a  maximum  power  far 
greater  than  it  will  regularly  be  required  to  develop.  Consequently 
from  (j  h.p.  to  40  h.p.,  and  even  more,  have  become  ordinary  powers 
for  carriages  which  need  hardly  2  or  3  horses  to  haul  them.  When 
they  succeed  in  utilising  all  this  power,  it  is  not  to  be  wondered  at 
that  they  attain  enormous  speeds,  far  outdistancing  traction  by  horses. 

Having  suggested  how  to  estimate  the  power  of  the  motor  with 
which  a  car  is  to  be  furnished  to  make  it  capable  of  giving  a  certain 
speed  under  certain  conditions,  it  remains  to  be  shown  how  to 
determine  the  power  of  a  motor  actually  mounted  on  an  auto- 
mobile. The  work  it  gives  on  the  shaft  and  that  developed  at  the 
tyre  of  the  driving  wheels  must  be  measured.  Several  methods  are 
applicable  to  determine  the  available  power  on  the  shaft;  by  the 
first  it  is  calculated  by  basing  on  theoretic  or  empiric  data,  and  by 
the  second  it  is  measured  by  submitting  the  motor  to  certain  tests. 

Ringelmann  estimates  that  combustion  of  one  gramme  of  petrol 
spirit  (0035  oz.)  requires  163  1.  (28*7  pt.)  of  air,  practically.  If  V 
represents  the  volume  in  litres  of  a  cylinder,  the  weight  in  grammes 
of    petrol     consumed     to      fill    the     cylinder     with     carburetted 

V 

air    will     be    , ,. .,    =  006135   V.      Let     n    be     the    number     of 

10 '.i 

revolutions  of  the  motor  per  minute,  supposing  it  to  be  a  four- 
cycle motor,  it  will  give  0*50  n  explosions  per  minute.  Eingelmann 
admits  that    to    avoid   excessive  heating  there  is  only  0*45  n  per 

0'457i 
minute,  and  thus  — — —  =  0007 5   n    per   second.      The  weight  of 

petrol  spirit  in  grammes  consumed  per  second  will  therefore  l)e 
006135  V  X  00075  n  =  000046  n  V.  Theoretically,  each  gramme 
of  petrol  spirit  is  equivalent  to  11  calories  (43*6  B.H.U.),  Ringel- 
mann admits  that  in  these  11  calories  015  x  11,  onlv  =  1*65 
(6'53  B.H.U.)  are  efiectively  transformed  into  work.  In  other 
words,  0-15  is  the  thermal  efficiency  (p.  807).    Therefore,  the  power 
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obtained   is  only  1*65  x  425  =  about  700  kgm.  (5,060  ft.-lb.);   con- 
sequently the  motor  power  is  in  h.p. 


P  = 


700  X  ()'00046 


75 


'^  ny  =  00043  n  V. 


Employment  of  this  formula  only  requires  the  dimensions  of 
the  cylinder  and  the  number  of  revolutions  of  the  motor  per  second. 
The  Witz  method  is  as  follows: — Given  the  average  pressure 
7>  ra  exerted  by  the  explosion  of  the  charge  on  the  piston  during  its 
driving  stroke,  and  the  organic  efficiency  K  of  the  motor,  S  being  the 
section  of  the  piston  and  C  its  stroke,  n  the  number  of  revolutions 
per   minute,    and   P    the  effective   work   in   h.p.,    the  formula  is 

^  2  X  60  X  75  ^  '  97000  '  ^'  ^^^  "^^^""'^  efficiency,  can 
be  taken  as  equal  to  0*75,  whilst  p  m  is  estimated  by  Witz  as 
4'25  kg.  (9-35  lb.).  Applied  by  him  to  three  motors,  this 
method  gave  a  slightly  less  power  than  that  stated  by  the  con- 
structors. 


Jf  • 

Fig.  352.— Phony  Brakb  Test. 

The  power  may  be  calculated  according  to  empiric  data.  Hos- 
pitalier  says  that  in  studying  the  principal  elements  of  construction 
and  the  working  of  a  certain  number  of  petrol  motors,  and  com- 
paring certain  specific  factors  which  theoretically  would  be  identical 
for  motors  working  in  the  same  circumstances  as  regards  richness 
of  mixture,  compression,  ignition,  and  efficiency,  it  was  observed 
that  one  of  these  specific  factors  was  constant  at  about  20  per 
cent.,  in  spite  of  the  difference  of  proportion  of  system,  ignition, 
and  power.  This  factor  is  the  proportion  of  the  displacement  of 
the  cylinders  (in  litres  per  second)  to  the  power  of  the  motor  (in 
poncelets),  and  it  is  noticeably  equal  to  10  (a  poncelet  represents 
the  expenditure  of  energy  equal  to  100  kgm.  (723  ft.-lb.)  per  second). 
It  suffices,  then,  to  reckon  this  displacement  in  litres  per  second, 
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multiplying  double  the  volume  of  the  cylinder  by  the  number  of 
revolutions  per  second,  and  dividing  by  10  to  obtain  the  power 
in  poncelets. 

The  poncelet  is  equal  to  100  kgm.  (723  ft.-lb.)  per  second,  whilst 
the  horse-power  is  only  75  kgm. (5425 ft.-lb.)  per  second;  the  number 
found  must  be  divided  by  075  to  obtain  the  horse-power.  Calling  n 
the  number  of  revolutions  per  minute,  R  the  radius  of  the  cylinder, 
C  its  stroke  in  cm.,  the  following  formula  may  be  applied : 

p_l  7rR«2CM  1  ^  .,, 

^  ""   075  ^   Too    ^  To    ^  60  ^  10,    ^'     ^^'^    approxmiately 

--■pa  r^ 

P  =7c  AAA     This  formula  gives  the  power  with  a  probable  error  of 

one-fifth.  The  methods  of  calculation  described  have  the  advantage 
of  needing  only  some  dimensions  of  the  cylinder  and  the  number 
of  revolutions  of  the  motor,  but  owing  to  the  uncertainty  of  the 
accepted  values  for  the  co-efficients  which  figure  there  they  are 
not  fully  reliable.  For  estimating  motor  power  more  rapidly,  the 
motor  must  be  subjected  to  a  regular  test,  which  can  be  done  in 
various  ways. 

Brake  tests  first  will  be  described.  The  principle  of  the  well- 
known  Prony  brake  consists  in  causing  the  motor  shaft  A  (Fig.  352) 
to  revolve  inside  two  jaws,  tightened  on  it  by  bolts  B  B*,  and  loading 
a  lever,  G,  forming  one  with  these  jaws,  with  a  weight,  P,  suffieieni 
to  prevent  the  jaws  being  carried  round  by  the  rotating  shaft ;  the 
h.p.  is  given  by  the  formula  P  =  00014  pln,p  being  expressed  iu 
kg.,  I  the  distance  in  metres  of  the  point  of  application  of  the  weight 
P  from  axis  of  the  shaft,  and  n  the  number  of  revolutions  per 
minute.  The  distance  I  is  indicated  in  Fig.  352.  To  make  a 
practical  test,  the  motor  must  first  be  fixed  firmly,  such  as  l>y 
screwing  down  to  a  wooden  frame.  Instead  of  the  wooden  jaws 
shown  in  Fig.  352,  a  flat  iron  band  is  often  employed,  furnished 
with  hard  wood  cleats,  and  fixed  to  the  lever  on  one  side  by  a 
fixed  bolt  and  on  the  other  by  a  bolt  which  can  be  screwed  to 
variable  degrees  of  pressure.  The  band  generally  surrounds  the 
fly-wheel  of  the  shaft,  and  must  be  placed  as  in  Fig.  352,  the  lever 
being  below  the  horizontal  diameter  of  the  pulley,  so  as  to  ensure 
that  the  indication  given  by  the  weight  lifted  is  correct.  With 
the  arrangement  in  which  the  weighted  bar  is  above,  as  GS  Fig.  352, 
when  the  lever  deviates  from  the  horizontal  in  a  marked  mannt-r, 
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the  indication  may  be  very  inaccurate.  To  obtain  during  the 
experiments  constant  friction,  it  is  often  necessary  to  adjust  the 
tightness  of  the  bolts.  Jolts  can  be  decreased  by  placing  indiarubber 
washers  under  the  nuts,  these  washers  being  separated  by  sheet- 
iron  discs.  As  jolts  can  never  be  surely  avoided,  it  is  prudent  to 
employ  catches  which,  if  necessary,  can  stop  the  lever.  To  guard 
against  the  brake  seizing,  it  is  essential  to  lubricate  it  continually 
with  tallow,  or  with  water  containing  about  10  per  cent,  of  soap. 
To  be  conclusive  a  heat  should  last  ten  minutes.  The  formula 
given  applies  to  a  brake  maintaining  itself  in  equilibrium  on  the 
horizontid  edge  of  a  knife  situated  in  the  plane  of  the  axis  of  the 


3 


^ 


Fig,  805. 


^ 


Fig.  853. 


Fig.  354. 


Figs.  353  to  356.— Cord  Bbakb  Test. 


Fig.  856. 


motor  shaft.  If  to  establish  this  equilibrium  it  was  necessary  to 
place  a  weight  p*  at  the  other  end  of  the  lever,  this  weight  p^  would 
have  to  be  deducted  from  the  value  of  'p  in  the  formula.  The 
Prony  brake  is  the  usual  method  of  measuring  the  power  of  a 
8team>engine,  but  it  is  not  suitable  for  a  petrol  motor,  where  the 
sudden  variations  of  work  demand  concomitant  variation  of  tighten- 
ing the  brake,  which  is  impossible.  Ringelmann  has  invented  a 
brake  which  automatically  regulates  this  tightening,  and  its  applica- 
tion to  petrol  motors  is  relatively  easy,  but  the  cord  brake  is 
simpler. 

In  the  cord  brake  (Figs.  353  to  356)  a  cord  passes  round  the  motor 
fly-wheel  A,  one  end  being  fastened  to  a  fixed  point  B  by  means 
of  the  dynamometer  D,  the  other  end  supporting  the  weight  P: 
the  dynamometer  facilitates  regulation  by  giving  the  cord  a  tension 


362  THE   AUTOMOBILE. 

p\  which  is  varied  by  means  of  a  double  action  tightening  screw. 

The  formula  applied  is  P  = — ^^i- -^~'  (p  -  x>*),  in  which  R,r,  are 

00      X     75 

radii  of  the  pulley  and  of  the  cord  expressed  in  metres,  2>  and  p^  in 

kg.,  and  n  the  number  of   revolutions  per   minute.     For  a  motor 

which    does  not   exceed   8  h.p.  a  cord  of   from    5  mm.  to  6  mm. 

(0196 in.  to  0236 in.)  in  diameter  suffices,  and  a  pulley  from  20 cm. 

to  30  cm.  (7*87  in.  to  11-8  in.)  in  diameter  for  1,700  revolutions  per 

minute.     It  is  only  exceptionally  that  a  few  drops  of  soapy  water 

or  a   little   plumbago   must    be    applied   to   the    cord,   continuous 

lubrication  not  being  necessary.     The  blocks  {see  Figs.  355  and  35G) 

used  are  not  intended  to  produce  friction,  their  purpose  being  to 

keep  the  rope  from  spreading  and  going  off  the  edge  of  the  pulley. 

In  determining  the  power  of  a  motor  by  an  electric  test,  the 
use  of  a  dynamo  is  convenient ;  this  having  a  known  efficiency  R, 
it  suffices  to  yoke  the  motor  with  it,  and  note  the  number  of 
volts  E  and  amperes  I  recorded  by  a  voltmeter  and  amperemeter 
placed  in  the  circuit  of  this  dynamo  to  deduce  the  power  in  horse- 
power of  the  formula  P  =  736  E  I  R.  For  great  accuracy  the 
test  can  be  continued  for  a  long  time,  and  this  is  not  always  easy 
to  do  with  the  Prony  brake,  owing  to  heating.  The  process  is 
especially  applicable  for  a  constructor  who  successively  yokes  the 
various  motors  to  be  tested  with  his  dynamo ;  however,  it  is  more 
expensive  than  the  preceding. 

To  ascertain  the  power  available  at  the  wheel  tyres  of  an 
automobile,  the  work  given  by  the  motor  on  its  shaft  must  be 
multiplied  by  the  efficiency  of  the  transmission  gear  between  this 
shaft  and  the  driving  wheels.  The  efficiency,  on  an  average,  is 
equivalent  to  50,  60,  or  70  per  cent.,  according  as  it  refers  to  a 
motor  driven  by  petrol,  steam,  or  electricity,  but  the  uncertainty 
of  this  value  affects  the  result  found. 

A  direct  test  can  be  made  easily  after  measuring  in  kg.  the 
weight  p  of  the  car,  passengers  included ;  it  is  driven  up  a  gradient, 
the  inclination  I  of  which  is  known  in  cm.  and  the  length  L  in 
metres,  N  being  the  number  of  seconds  required  to  make  the  ascent, 
and  T  being  the  co-efficient  of  traction  in   hundredths ;  then  the 

horse-power  is  given  by  the  formula:    P  =  ^    ►-k  ~v  ~ 
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CHAPTER    XI. 

TRANSMISSION   OF   MOTOR  POWER  TO   DRIVING   WHEELS. 

Transmission  of  power  from  motor  to  road  wheels  is  accomplished 
by  a  variety  of  methods,  of  which  the  chief  will  be  discussed  in 
this  chapter.  An  automobile  has  to  have  more  than  one  rate  of 
speed,  and  it  is  quite  obvious  that  it  cannot  be  run  at  one  uniform 
speed.  The  electric  motor  has  a  somewhat  great  innate  elasticity 
to  meet  its  many  needs,  and  even  the  steam  motor  might  suffice 
strictly,  though  often  it  is  assisted  by  mechanical  speed-changing 
gears;  but  the  petrol  motor  can  change  speed  only  by  modifying 
its  power,  always  to  the  detriment  of  its  efficiency,  and  thus  a 
speed-changing  device  is  essential  with  it. 

An  automobile  must  be  capable  of  reversing,  that  is,  running 
backward.  Electric  and  steam  motors  enable  backward  motion  by 
simply  reversing  the  controller  or  valve  gear,  but  the  petrol  motor 
does  not  admit  ot  reversal,  and  a  mechanical  device  has  to  be 
employed  for  this  purpose. 

It  must  be  possible  to  disengage  the  motor  from  the  transmission 
gear.  For  abruptly  stopping  a  car  and  making  it  answer  the  brake 
the  propelling  action  must  be  stopped  instantly.  When  this  cannot 
be  done  by  reversing  the  motion,  Avhich  is  the  ciise  with  petrol  motors, 
the  motor  must  be  thrown  out  of  gear.  This  is  done  also  when  it  is 
required  to  run  down-hill  at  great  speed,  the  car  being  carried  along 
by  gravitation;  for  if  motor  and  wheels  are  left  connected  the 
latter  cannot  exceed  the  speed  of  the  first,  and  there  is  great  risk 
of  overrunning  the  motor  and  injuring  some  of  the  mechanism. 
During  the  frequent  short  stoppages  to  which  an  automobile  is 
liable  the  petrol  motor  must  not  be  allowed  to  cease  work,  or 
there  will  be  the  trouble^of  restarting.  Here,  again,  a  device  for 
throwing  the  motor  out  of  gear  is  necessary.  Progressive  gear  greatly 
facilitates  starting. 

The  independence  of  the  driving  wheels  in  turning  with  regard  to 
each  other  Ls  another  essential.  If  each  wheel  is  not  driven  by  a 
separate  motor,  the  two  wheels  on  one  axle  must  not  be  so  fixed  that 
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they  always  turn  together.  The  differential  gear  usually  gives  this 
independence,  and  this  is  described  later  (see  pp.  380  and  381).  In 
the  petrol  car  transmission  gear  the  most  usual  combination  is  ihs 
following  T  Generally  the  motor  shaft  works  the  main  shaft,  the  two 
being  in  a  direct  line,  by  a  clutch  which  enables  the  two  to  be  con- 
nected or  disconnected ;  generally  the  gear  provides  for  the  forward 
and  backward  motion  of  the  car  and  as  a  rule  it  gives  a  series  of 
speeds.  Spur  wheels,  belts,  or  friction  wheels  transmit  the  main 
shaft  motion  to  a  cross  countershaft ;  or  instead  a  system  of  gearii^ 
including  a  universally  jointed  longitudinal  shaft  transmits  the 
motion  direct  to  a  revolving  rear  axle.  The  cross  countershaft 
carries  the  differential  or  balance  gear.  Finally,  the  differential  shaft 
works  the  car  wheels  by  endless  chains  passing  over  sprockets  bolted 
to  the  wheel  naves.  These  different  parts  will  be  studied  in 
succession. 


Fige.  357.- 

With  regard  to  transmission  gear  in  steam  automobiles,  this  is 
simplified  greatly  by  the  progressiveness  of  the  action  of  steam,  which 
renders  the  use  of  a  clutch  between  motor  and  gearing  unnecessary 
by  the  elasticity  of  the  motor,  and  by  the  facility  for  backward 
movement,  which  is  accomplished  always  by  reversing  the  valve 
gear,  easily  operated  by  aid  of  link  motion  and  eccentrics. 

In  the  de  Dion-Bouton  orj^nibus,  the  motor  shaft  drives  by  one 
of  the  two  trains  of  gear  at  full  or  slow  speed,  the  differential  shaft 
motion  being  communicated  by  gearing  to  the  "  live  "  rear  axle. 

In  the  Scotte  omnibus,  the  crank  shaft  drives  an  intermediaiy 
shaft  by  aid  of  two  pinions,  this  latter  shaft  being  connected  lo 
tho  differential  by  an  endless  chain,  which  in  turn  drives  the  rear 
wheels  of  the  vehicle  by  two  smaller  chains. 
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In  the  Weidkneckt  omnibus,  motion  is  transmitted  by  gearing 
to  the  difierential  and  thence  by  endless  chains  to  the  wheels. 

The  steam  omnibus  of  the  Compagnie  G6n6rale  des  Automobiles 
was  driven  by  a  rotary  motor  whose  shaft  had  a  friction  clutch ; 
the  differential  countershaft  was  driven  by  gearing,  and  it  in  turn 
drove  the  rear  wheels.  The  changes  of  speed  were  obtained 
in  a  very  satisfactory  manner  by  the  motor  alone.  The  system  of 
transmission  in  steam  cars  being  simple  and  efficient,  belts  or 
friction  plates  are  but  seldom  adopted. 

The  White  steam  car  transmission  (new  model)  is  simplicity 
itself.  The  motor  is  in  front  and  this  is  directly  connected  to  a  live 
rear  axle  by  means  of  a  universally  jointed  longitudinal  shaft  and 
bevel  gearing ;  the  bevel  wheels  are  enclosed  in  the  differential  case. 


Fig.  358. — CovLTHARO  Differential  Shaft,  Old  Tvpe. 

In  an  earlier,  but  still  modem,  car  the  transmission  is  even  simpler. 
On  the  casing  of  the  live  axle  differential  is  a  sprocket  ring  chain- 
driven  from  a  sprocket  on  the  motor  crank  shaft,  which  in  this 
case  is  in  the  centre  of  the  car.  The  Gardner-Serpollet  system 
(Fig.  357)  is  almost  identical  with  this. 

The  Coulthard  old  type  transmission  is  shown  in  connection  with 
the  Coulthard  motor  (Figs.  76  and  77,  p.  100).  The  motor  crank  shaft, 
carried  in  two  long  bearings,  together  with  the  eccentrics,  is  cut  out 
of  a  solid  steel  billet,  and  on  one  end  of  the  shaft  is  a  pinion  engaging 
with  a  gear  wheel  on  the  second  motion  shaft.  On  a  square  in  the 
middle  of  this  shaft  slides  a  pair  of  unequal  pinions,  either  of  which 
may  be  caused  to  engage  with  corresponding  gear  wheels  carried  on 
tJie  crown  of  the  compensating  gear.  The  compensating  gear  shaft  is 
shown  separately  by  Fig.  358,  and  it  is  the  only  shaft  projecting 
through  the  casing.  It  carries  a  pinion  at  each  end,  and  there  is  a 
locking  gear  for  putting  the  compensating  gear  out  of  action  and 
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causing  both  of  the  driving  wheels  to  revolve  together.  The  whole  of 
the  gearing  nins  in  a  bath  of  oil,  is  of  cast  steel,  machine  cut.  and 
keys  are  not  used  in  the  transmission  gear.  The  cotiipensating  gear 
shaft  (Fig.  358)  is  carried  in  long  bushed  bearings  uttached  to  ibc 
casing,  and  these  bushes  are  in  turn  carried  in  spherical  boariupi 
supported  in  cast  steel  brackets  rigidly  bolted  to  the  main  channel 
irajue.  The  method  of  supporting  the  motor  cylinder  end  allows  a 
ball-and-socket  motion,  so  that  the  motor,  motion  work,  gearing  and 
shafts,  being  self-containetl  in  a  rigid  casing,  are  kept  in  accurate 
■mesh  and  alignment,  whilst  the  method  of  suspension  allows  the  main 
A*ani6  some  elasticity  and  spring  without  setting  up  internal  strains 
and  cross  wind  in  the  transmission  gear.     Fivotetl  to  the  beck  axle 


Fig.  3S9. — CoDLTHAHD  Stiam  LctutT  Tbanshihbion. 

under  each  side  frame  are  two  thrust  rods  through  which  the  drive  is 
transmitted  to  the  compensating  gear  brackets.  Renolds'  improvt-d 
chains  are  used,  forming  a  flexible  connection  between  the  back  axle 
and  the  compensating  gear  shaft. 

As  an  example  of  the  simplicity  of  which  the  transmis.sion  and 
speed -changing  gear  of  a  heavy  steam  car  is  cajtable  the  CoulthanI 
new  gearing  (Fig.  3.50)  may  be  noted.  The  crank-shaft  A,  change- 
speed  gear,  and  dift'erential  E  are  all  enclosed  in  an  oil-liglit  ca.se. 
The  crank-shaft  carries  two  unequal  pinions,  C  D,  and  C  can  Lie  made 
to  mesh  with  E  for  top  speed,  and  1>  with  F  for  low  speed  ;  E  F  are 
corresponding  pinions  fixed  on  the  difl'erential  shaft  which  carrits 
the  side  chain  sprockets  G.  The  crank^shaft  A  is  .squared  at  H, 
so  that  either  C  or  D  can  be  slid  into  engagement,  J  being  die 
operating  lever  for  top  speed,  and  K  for  low  speed. 
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In  a  system  once  employed  by  the  Thomycroft  Steam  Wagon 
Company  the  motor  transmits  motion  to  the  chain  pinions  by  a  bell 
which  is  supported  on  the  motor  shaft  by  a  single  pulley  and  on  the 
pinion  shaft  by  twin  pulleys,  each  transmitting  motion  to  one  of  the 
pioions.  The  belt  is  equally  across  the  two  pulleys  when  the  car 
is  running  in  a  straight  line,  and  when  the  car  turns  the  belt  is  more 
on  the  outer  pulley.  The  belt  is  kept  in  position  by  a  fork  worked  by 
a  screw  moving  in  a  nut,  which  is  fixed  in  the  direction  of  the  dis- 
placement of  the  screw ;  the  nut  can  turn  on  itself  whenthe  rod  and 
lever  which  draw  it  are  displaced  in  the  turnings  of  the  road.  This  ■ 
transmission  gear  can  work  without  any  differential  The  modem 
transmission  is  described  on  p.  51S. 


Fig.     360.-XHILMBFOBD   StEAM    CaB    TkAMSKIMION. 

The  Chelmsford  steam  car  transmission  is  also  very  simple, 
and  no  change-speed  gear  is  employed.  As  stated  on  p.  84,  the 
spur-wheel  G,  Fig,  59,  directly  drives  a  phosphor-bronze  wheel 
surrounding  the  differential,  from  the  shaft  of  which  there  is  a 
chain  drive  to  each  road  wheel  This  phosphor-bronze  wheel  is 
shown  at  A,  in  Fig.  360.  The  spur-wheel  type  differential  B,  with 
ilfl  countershaft  C,  are  enclosed  in  a  two-part  casing,  l>,  divided 
vertically  and  centrally,iand  the  gear  wheel  A  is  bolted  between  the 
two  halves  (Fig.  360  is  a  horizontal  section).  The  shaft  C  has  four 
double  ball-bearings  E,  containing  12-7  mm.  (S  in.)  balls.  The  casing 
D  is  bolted  at  each  end  to  the  main  frame,  and  distance  rods,  F,  fitted 
at  its  ends,  pass  down  to  the  rear  axle  and  tighten  the  side  chains 
when  necessary.  The  eccentric  blocks  G  on  the  shaft  operate  four 
feed  pumps,  as  described  on  p.  84.  Sprocket  wheels,  H,  at  the  ends 
of  the  countershaft  are  fitted  as  usual 

A  friction  drive  applied  to  a  steam  lurry  is  described  in  connection 
with  the  Aultman  lurry,  p.  539. 
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The  greatest  complication  in  the  transmission  gear  is  found  m 
petrol  cars.  Excluding  friction  drives,  and  other  more  or  less 
fanciful  systems,  power  transmission  in  a  petrol  car  is  either  by 
belts  or  toothed  gearing. 

Belts  may  be  considered  first.  For  every  different  speed  the 
main  shaft  has  a  large,  permanently  fixed  pulley,  and  the  inter- 
mediary shaft  has  two  juxtaposed  pulleys,  one  keyed  and  the  other 
loose,  a  belt  running  to  all  these  pulleys.  To  engage,  the  belt  is 
made  to  pass,  by  means  of  a  fork,  by  lateral  displacement  from  the 
loose  pulley  to  the  fixed  one.  It  is  not  usual  to  drive  the  transmission 
gear  through  a  clutch.  Sometimes  the  set  of  pulleys  and  belts  is 
replaced  by  a  single  belt  and  two  cones  with  parallel  axes  so  placed 
that  the  large  base  of  one  is  opposite  the  small  base  of  the  other. 
These  cones  have  notched  or  smooth  sides  to  enable  progressive 
variations  of  speed,  a  belt  stretcher  being  necessary  to  engage  the 
gear.  Instead  of  cones  two  extensible  pulleys  can  be  employed,  and 
then  the  belt  does  not  move  transversely,  but  the  diameter  of  the 
pulleys  changes  under  it  to  keep  it  taut  and  give  it  variable  speeds 
(aee  p.  422).  Defective  adherence  is'  the  great  inconvenience  of 
belts,  because  it  causes  a  considerable  loss  of  power.  To  increase 
the  adherence,  sometimes  indiarubber  belts  are  used  on  leather- 
covered  pulleys.  Other  defects  are  the  necessity  of  often  restretching 
the  belts  and  the  great  space  occupied.  The  advantages  are  that 
they  are  simple,  economical,  silent,  and  sufficiently  elastic  to  avert 
all  risk  of  smashing  any  part  by  an  abrupt  change  of  speed,  eta 
By  its  means,  also,  the  reversing  gear  may  be  used  as  a  brake,  an 
impossibility  with  gear  liable  to  breakage.  With  belts,  retrograde 
motion  is  obtained  by  a  set  of  pulleys  imited  by  a  crossed 
belt.  In  modem  systems,  belts  are  used  chiefly  in  connection  with 
toothed  gearing  (see  p.  418). 

Belt  systems  of  transmission,  formerly  used  extensively,  are  cheap 
and  durable.  In  the  Roger  type,  as  built  by  the  Anglo-French  Company, 
there  were  two  large  pulleys  of  different  diameters  on  the  crank-shaft, 
and  on  the  cross  countershaft  were  two  couples  of  puUeys,  one  fixed 
and  the  other  loose,  the  combined  diameter  of  which  was  equal  to  that 
of  one  of  the  pulleys  on  the  crank-shaft ;  there  were  then  two  speetk 
Another  set  of  pulleys  with  a  crossed  belt  gave  backward  motioa 
There  were  two  pinions  on  the  cross  countershaft,  which,  by  means  of 
chains,  drove  the  live  rear  axle  carrying  the  differential,  the  driving 
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wheels  being  keyed  on  the  two  parts.  This  system  of  transmission 
was  employed  by  the  Delahaye.  Audebert-Lavirotte,  and  other  firms. 
When  toothed  gearing  is  employed,  it  is  almost  essential  that 
the  motor  drives  the  shafting,  etc.,  through  some  form  of  clutch 
capable  of  quick  and  easy  engagement  and  disengagement.  Clutch 
gears  include  the  crab  or  jaw  systems,  friction  (straight  or  inverted 
cones   with    bands),    magnetic,    and    hydraulic,    but    the    majority 


of  clutches  are  of  the  friction  type.  In  crab  or  jaw  clutches  there 
are  two  sleeves,  one  on  the  end  of  each  of  the  shafts  to  be  coupled 
leather ;  the  first  sleeve  is  fixed  and  the  second  is  movable 
longitudinally,  and  both  have  projections  and  slots  for  mutual 
engagement.  For  a  reverse  motion  there  may  be  two  of  these 
clutches,  one  on  the  end  of  each  of  two  shafts  driven  by  a  single 
bevel  pinion  on  the  motor  shaft  Each  of  the  driven  bevel  wheels  is 
one  with  a  part  ot  a  jaw  clutch,  the  counterpart  being  a  sleeve 
sliding  on  the  transmission  shaft.  Normally,  the  bevel  wheels  ride 
loosely  and  do  not  transmit  motion,  but  when  the  clutch  -sleeve  on 
either  of  the  transmission  shafts  is  advanced,  engagement  occurs,  and 
there  is  either  forward  or  backward  motion,  according  to  which  shaft 
is  drivetL 

To   run    the   car    forwards    the   sleeve   keyed    on   the   forward 
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motion  shaft  is  pushed  towards  the  clutches  of  its  socket,  and  the 
latter  is  connected  with  the  former,  which  it  entrains  as  it  moves. 
For  backward  motion  the  other  sleeve  is  geared.  Clutch  couplings 
do  not  allow  of  easy  stArting ;  the  strains  undergone  by  the  car  are 
transmitted  to  the  motor,  causing  a  risk  of  the  motor  parts  being 
broken  or  jambed,  with  consequent  disturbance  of  the  valves.  For 
this  reason  the  main  clutch  is  usually  of  a  more  flexible  nature— ihe 
friction  type — and  jaw  clutches  are  reserved  for  minor  applications. 

The  friction  clutch  with  straight  cones  has  a  cone  keyed  down 
on  each  of  the  shafts  to  be  connected,  one  fixed  and  the  other 
movable  longitudinally  to  enter  into  the  Jirst,  under  the  action  of 
a  fork  moved  by  levers  and  a  pedal.  The  most  common  arrangement 
is  for  the  motor  shaft  to  carry  a  hollow  cone  and  the  other  shaft  a 


solid  cone  maintaining  a  spring,  the  latter  normally  inside  the 
former.  The  driver,  by  means  of  a  pedal  lever,  can  instantly  stop  the 
action  of  the  spring  and  throw  the  second  shaft  out  of  gear. 

Inverted  cones  are  so  shaped  that  the  solid  cone  can  enter  the 
hollow  one  only  in  two  pieces,  the  hollow  cone  being  constituted  by 
a  conical  ring  which  is  screwed  to  the  solid  cone  of  which  it  forms  the 
outer  surface.  The  clutch  is  operated  by  separating  the  end  of  the 
solid  cone  from  that  of  the  hollow  one  by  traction,  and  not  by 
bringing  them  close  by  pressure  as  with  the  straight  cone  coupling. 
Whichever  of  these  two  systems  is  employed,  an  inconvenient  thrusi 
is  exerted  on  one  of  the  bearings  surroimding  the  coupling,  and  thL- 
thrust  is  avoided  with  the  following  systems. 

The  Fanhard  and   Lovassor  new  cone  friction   clutch   is  shown 
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in  longitudinal  section  and  cross-section  (on  the  line  a  b)  by 
Fig.  361,  p.  369.  Two  conical  surfaces,  A  B,  come  into  contact ;  the 
cone  A,  bolted  to  the  flange  on  hollow  shaft  H,  then  is  driven  by 
the  cone  B,  which  is  loose  on  the  shaft  H,  but  is  fixed  to  shaft  M. 
B  is  rotated  by  studs  C  C,  set  in  the  rim  of  the  motor  fly-wheel  V. 
These  studs  project  so  as  to  form  sliding  guide  rods  for  the  back- 
ward and  forward  movement  of  the  sliding  cone  B,  when  this  is 
actuated  by  lever  P  operating  through  sliding  collar  K.  The  two 
cones  are  maintained  in  driving  contact  by  the  pressure  of  spring 
D,  whose  thrust-block  is  the  collar  N,  fixed  on  shaft  H.  The  dished 
fly-wheel  V  is  bolted  to  the  flange  on  the  end  of  motor  shaft  M, 
and  the  hollow  in  its  boss  forms 
an  end  bearing  for  shaft  H.  The 
thrust  of  the  spring  at  the  moment 
of  disengaging  is  taken  by  the 
thrust  bearing  X,  but  there  is  no 
thrust  when  the  two  cones  are 
in  contact.  When  the  cone  B  is 
withdrawn  from  driving  contact 
with  cone  A,  it  revolves  freely  on 
the  shaft  H  and  in  the  collar 
bearing  K,  but  it  does  not  rotate 
the  shaft,  although  it  continues  to 
revolve  with  the  fly-wheel  V. 
Both  of  the  cones  are  mounted 
upon  the  hollow  shaft  H,  and 
the  fly-wheel  does  not  form  part 
of  the  clutch ;    this  prevents  end  thrust  upon  the  crank-shaft. 

The  Ader  friction  clutch  (Fig.  362)  is  designed  so  that  the 
thrust  is  taken  by  ball  bearings,  not  by  the  crank  shaft  or  main 
driving  shaft  The  clutch  shaft  A  has  a  flexible  joint  B,  through 
which  power  is  transmitted  to  the  change-speed  gear.  The  bolt 
C  is  a  bearing  for  the  clutch  spring  D,  which  acts  through  the 
sliding  ball-bearing  E,  on  sleeve  F,  which  slides  on  the  square  part 
of  shaft  A.  This  sleeve  carries  the  leather-covered  aluminium  male 
cone  G  of  the  clutch ;  the  lever  H  puts  the  clutch  out  of  action 
by  separating  G  from  the  cast-iron  female  cone  J,  carried  by  sleeve 
K,  which  revolves  round  shaft  A  on  rings  L  M.  Q  is  another 
ring.  The  sleeve  is  driven  by  the  motor  through  connection  R, 
y2 


Fig.  363.— Db  DiETiiiCH  (Turcat-M^uy) 
Friction  Clutch. 
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and  when  the  clutch  is  out  of  gear,  turns  freely  round  shaft  A, 
whose  ball  bearings  are  shown  at  N,  and  lubricating  boles  at  S. 
On  releasing  lever  H,  the  spring  pressure,  adjusted  by  screw  C, 
acts  through  the  sleeve  K,  and  brings  the  two  cones  together, 

Though  the  de  Dietrich  (Turcat-Mery)  cone  friction  clutch  is  of 
the  usual  kind,  its  spring  is  placed  in  a  novel  position  {see  Fig.  363t, 
in  which  G  is  the  clutch  spring  adjusted  by  nut  G'.  The  lower 
end  of  the  spring  is  set  in  a  formed  bracket,  J',  whilst  its  upper 
end  bears  against  the  special  turret  nut  G'.  By  altering  the  position 
of  the  nut  on  the  pedal  rod  J,  and  so  increasing  or  reducing  the 
compression  of  tbe  spring,  the  grip  of  male  cone  surfuco  with  the 


Fig.  S64.  Pig.  3«5. 

Figs.  364  and  365.— Jams  and  Bbowh  Prictiok  Cluich. 

female  can  be  varied  at  will  from  above  the  footboard.  Anothir 
point  is  that  the  clutch  C  in  fly-wheel  H  is  near  to  the  gear-box  P, 
to  avoid  the  twisting  of  the  clutch  shaft  A.  In  Fig.  363,  B  shows 
the  ball  thrust  bearing,  E  clutch  lever  crank,  and  F  clutch  pedal 

The  James  and  Brown  clutch  is  of  novel  construction.  It  is 
shown  in  elevation  and  section  by  Figs,  364  and  365,  in  which  A  is 
the  clutch  shell  formed  with  a  Hange,  B  (bushed  at  C")  to  earni-  the 
driven  steel  pinion  (H.  Fig.  364).  The  shell  is  dished  and  flanged  for 
the  attachment  with  set  screws,  V),  of  tbe  female  cone  E.  The 
disc  F  has  a  hollow  bos.s,  and  is  keyed  to  the  clutch  shaft  G,  which 
extends  between  the  outside  bearings  of  the  two  gear  boxes  (T,  Fig,  -llfi . 
p.  414),  and  carries  upon  its  square  portion  the  gearwheels(K.  J,  l.,JI. 
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Fig.  419).  The  drive  from  the  clutch  shell  A  is  conveyed  through  the 
male  cone  H,  driving  pins  J  and  disc  F  to  the  clutch  shaft  G ;  the 
disc  F  is  called  the  driving  plate,  and  upon  its  hollow  boss  is 
mounted  the  clutch  collar  K,  through  which  pass  the  disengaging 
levers  L.  The  clutch  striking  rod  M  is  connected  to  the  collar  K  by 
cotter  N,  and  on  moving  it  to  the  right  the  collar  moves  similarly, 
and  causes  the  disengaging  levers  L  to  work  on  their  fulcrums  J. 
Thus  the  short  noses  of  the  levers  L  press  against  the  male  cone  web 
H,  the  springs  O  are  compressed,  and  the  coned  periphery  of  the 
male  cone  H  is  pressed  back  from  contact  with  the  internal  coned 
portion  of  E.     The  male  cone  H  is  cast  with  a  quatrefoil  sinking  in 


Fig*.  3S6  and  36T.~MEEcinis  Expandiso  Clutch. 

its  outer  face  to  accommodate  the  bosses  of  the  drivii^  plate  F,  the 
clutch  collar  K,  and  the  levers  L,  with  their  fulcrums  J.  Only  a  very 
slight  movement  of  the  rod  M  is  necessary  to  disengage  the  clutch. 

The  Mercedes  expanding  clutch  in  use  on  the  1903  cars  is  shown 
by  Fig.  366,  the  inner  portions  and  some  details  being  shown 
separately  by  Fig.  367.  It  is  contained  inside  the  combined  fan  and 
fly-wheel,  of  which  the  boss  forms  its  outer  member.  E  is  the 
expanding  portioa  The  fly-wheel  is  fixed  to  the  crank  shaft,  and 
has  its  apokes  shaped  as  fan  blades,  the  bulk  of  its  weight  being 
provided  in  the  rim  G.  The  inner  member  of  the  clutch  is  mounted 
on  shaft  A,  which  is  connected  at  its  outer  end  to  thclirst-motion  shaft 
by  the  flange  B.  Shaft  A  has  spiral  projections,  A<,  upon  it,  and 
these  fit  corresponding  spiral  grooves  inside  the  sleeve  C,  which  fits 
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over  it.  Normally  sleeve  C  is  held  in  a  forward  position  by  the 
helical  spring  H,  and  can  be  withdrawn  by  a  fork  engaging  in  the 
groove  shown  on  its  end.  It  has  teeth,  D,  forming  a  sector  at  the  front 
end,  and  these  engage  in  a  similar  quadrant,  F,  carried  by  a  bell- 
crank  lever  as  shown.  When  sleeve  C  is  moved  longitudinally  on 
shaft  A,  the  spiral  path  between  them  causes  it  to  rotate  about  the 
shaft,  and  the  teeth  D  then  make  the  bell-eronk  lever  rock  about  its 
pivot.  The  bell-crank  lever  expands  the  ring  E,  or  allows  it  to 
contract. 


Figs.  368  and  3fi9. — Sbctioh  and  End  View  of  Put  Friction  CtfTCii. 

An  expanding  clutch  employed  on  the  Mercedes  18-h.  p.  car, 
shown  at  the  Agricultural  Hall  Exhibition,  of  March,  1903,  differe 
considerably  from  the  above.  The  expanding  portion  is  operated  by  a 
sliding  cone,  which  is  moved  along  the  shaft  by  a  spring,  and  agiunst 
which  presses  the  lever  arm  expanding  the  inner  portion  of  the  clutch. 
The  cone  has  an  almost  spherical  surface,  and,  of  course,  is  withdrawn 
by  a  3>edal.  An  intermediate  short  shaft  with  flange  couplings  is 
inserted  between  the  clutch  and  the  first  motion  shaft. 

The  Charron,  Girardot,  and  Voigt  clutch  resembles  a  band  brake ; 
the  fly-wheel  carries  the  band  which  t^htens  on  a  dniin  connected 
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by  a  universal  joint  with  the  first-motion  shaft.  A  pedal  is  con- 
nected vith  a  sliding  cone  on  the  gear  shaft,  which,  by  means  of 
a  lever,  lightens  the  band. 

The  Piat  friction  clutch.  Figs.  368  and  369,  consists  of  two 
parts — the  cup  A  and  friction  pulley  B,  which  can  be  combined 
in  two  ways.  To  couple  thera  they  are  keyed  on  two  shafts  respec- 
tively, prolonging  each  other,  or  one  is  loose  and  the  other  fixed  on  a 
common  shaft  to  enable  engagement  and  disengagement  without  loss 
of  speed  by  gliding.  There  are  two  breaks  diametricaUy  opposite  in  the 
rim  of  the  friction  pulley ;  each  half  forms  a  flexible  arm,  decreasing  in 


Fig.  iTO.  H«.  372. 

Fig.  370— HiLB-8HAw  Frjction  ClL'Tch.     Fig».  371  and  372.— Friction  Dibcb. 

thickness  from  one  extremity  rigidly  connected  with  the  nave  to  the 
other,  which  is  pushed  open  by  a  screw  mechanism  or  allowed  to 
shut  Around  this  puUey  is  a  leather  packing  to  augment  the  co- 
efficient of  friction  and  to  render  oiling  unnecessary.  The  threads  of 
the  two  screws  are  at  an  angle  of  45°,  and  the  screws  serve  to  extend 
the  pulley's  flexible  arms,  and  they  are  governed  by  hinged  cranks 
by  aid  of  small  connecting  rods  on  each  side  of  the  coupling  sleeve, 
which  rotates  with  one  of  the  shafts  and  can  be  displaced  under  the 
action  of  a  forked  lever.  The  axle  of  each  of  the  cranks  is  prolonged 
by  one  of  these  screws  and  rotates  in  the  radial  arm  of  its  flexible 
half-arm.  This  screw  acts  on  a  nut  pivotetl  loosely  in  a  strap  hinged 
al  one  end  with  the  thin  part  of  the  other  flexible  half-arm.  Tlius 
coupling  can  be  operated  gradually  and  smoothly  and  disengagement 
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can  be  made  instantaneously.  The  apparatus  is  balanced  perfectly, 
and  as  entraining  is  caused  only  by  vertical  pressures  to  the  exclusion 
of  all  lateral  pressures  there  is  no  translatory  resultant  in  the  couple 
of  rotation.  All  parts  of  the  clutch  are  made  of  cast  steel, 
reducing  the  weight,  giving  great  elasticity  and  resistance,  and 
increasing  the  co-efficient  of  frictioa 

Prof.  H.  S.  Hele-Shaw  has  invented  a  friction  clutch  of  the 
Weston  type  in  which  engagement  occurs  between  the  faces  of  two 
series  of  parallel  discs  feathered  alternately  to  the  driving  and  the 
driven  shaft.  Considerable  axle  pressure  is  required  to  effect  the 
engagement  in  such  clutches  owing  to  the  flat  form  of  the  discs,  but 
Prof.  Hele-Shaw  replaces  the  flat  surfaces  with  conical  ones.  Fig.  370  is 
a  longitudinal  section  of  the  clutch.  On  the  end  of  the  motor  shaft 
A  is  keyed  a  sleeve,  B,  on  whose  outer  surface  a  number  of  feather 
ways  are  formed.  On  the  end  of  the  shaft  C  is  keyed  a  sleeve,  D,  which 
extends  over  the  sleeve  B,  and  in  its  bore  a  number  of  feather  ways 
are  similarly  formed.  The  annular  space  between  the  sleeves  B  and  D 
is  closed  by  cap  E,  screwed  into  the  end  of  the  driven  sleeve  D,  and  in 
the  space  is  packed  a  large  number  of  sheet  metal  discs,  F  G  {see  Figs. 
371  and  372),  a  few  only  of  which  are  shown  in  Fig.  370  for  the  sake 
of  clearness.  These  discs  are  each  deeply  corrugated,  and  when  their 
conical  surfaces  are  pressed  into  close  contact,  the  apices  of  the 
corrugations  do  not  bottom  in  the  grooves  ;  the  clearance  obtained 
gives  the  full  advantage  of  the  jamming  or  wedge  action  of  the  cones, 
and  preserves  the  apices  where  the  material  is  most  likely  to  suffer 
in  the  stamping  process  from  wear.  The  discs  are  grouped  into 
two  sets :  the  set  G  is  made  with  internal  projections  or  tongues,  H,  to 
engage  with  the  feather  ways  of  the  sleeve  B,  their  peripheries  being 
clear  of  the  casing  D  ;  set  F  is  similarly  feathered  by  the  external 
tongues  J  to  the  casing  D  and  clears  the  sleeve  B.  The  corrugations 
in  the  discs  are  circumferential  and  concentric,  and  extend  over  the 
projections  H  or  J.  In  order  to  give  the  pressure  to  cause  engage- 
ment, on  sleeve  D  is  mounted  a  sliding  spring  box,  K,  with  an  internal 
spring  L.  This  box  is  urged  to  the  left  by  the  spring  which  abuts 
agamst  the  collar  M,  and  it  is  controlled  in  the  usual  way  by  a  forked 
lever  engaging  in  the  groove  N.  The  thrust  of  the  box  K  is 
transmitted  by  a  number  of  pins,  O,  to  the  annular  plate  P  bearing 
against  the  first  disc  of  the  series.  When  the  spring  box  is  left 
uncontrolled,  the  shafts  are  engaged  by  frictional  contact  of  the  discs 
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due  to  the  pressure  of  the  spring  L,  tnuismitted  through  the  box  K, 
the  pias  0  and  the  end  plate  P,  and  there  is  then  no  external  reaction 
and  very  little  friction  between  the  controlling  fork  and  the  groove  N. 
To  disengage,  the  spring  box  is  forced  to  the  right  by  the  controlling 
lever,  relieving  the  engaging  friction.     There  is  then  pressure  between 
the  controlling  fork  and  the  groove,  and  external  reaction,  but  as  the 
driven  shaft  is  then  at  rest  there  is  no  friction.     Prof.  Hele-Shaw  says 
that  the  gripping  power  of 
the  clutch  is  very  great,  and 
that    the    action    is    quite 
efficient    even    vrhen     the 
friction    surfaces    are    well 
lubricated. 

Several  other  kinds  of 
friction  couplings  are  em- 
ployed for  cars.  In  the 
Megy  system  the  circular 
band  is  applied  by  aid  of 
spiral  springs  arrangad  In  a 
string  against  the  iriction 
cup ;  normally  these  springs 
do  not  press  against  the 
band,  but  exert  a  thrust  on 
it  when  a  pin  is  placed 
between  them.  The  ap- 
paratus is  reversible,  and 
with  a  special  device  can 
be  eniployed  for  speed - 
changing.      In  the  Hersch- 

mann  hydraulic  clutch  the  adherence  of  the  spring  and  the  friction 
cup  is  produced  by  oil  admitted  by  a  valve.  Hall's  hydraulic  clutch 
gives  a  variable  speed,  and  it  has  been  tried  practically ;  however, 
it  is  very  complicated, 

Krebs  once  had  an  idea  for  a  magnetic  clutch  on  the  principle 
found  in  the  mi^netic  clutch  of  de  Bovet,  in  which  adherence  is 
obtained  by  electro-magnetic  action. 

The  Jenatzy-Martini  magnetic  clutch  has  the  flywheel  as  a  part  of 
it  Fig.  373,  a  cross  section,  shows  the  steel  flywheel  A  to  be  bolted  to  a 
Hange  on  the  end  of  the  crank-shaft  B.    The  rim  is  grooved  out  at  C 
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to  contain  a  coil  of  insulated  wire,  which  is  wound  in  the  shape  of  a 
large  ring,  and  fits  in  the  groove.  A  steel  ring,  D,  is  fixed  as  shown 
after  the  wire  winding  is  in  place,  the  ring  having  slots  cut  through  it 
at  intervals,  which  are  filled  with  blocks  of  anti-friction  metal,  K  The 
one  end  of  the  coil  C  is  connected  by  a  wire,  F,  to  contact  rings,  G^ 
which  are  insulated  from  the  fly  wheel,  and  revolve  with  it  The  other 
end  of  the  coil  C  is  earthed  at  H.  The  electric  current  which 
energises  the  clutch  by  magnetising  its  flywheel  member,  is  led  to  the 
coil  through  two  brushes,  J,  which  are  both  in  electric  connection  with 
a  battery  or  dynamo  through  the  pin  K,  on  which  they  are  fulcrumed ; 
this  pin  is  mounted  on  the  crank  chamber  of  the  motor,  and  is,  ot 
course,  insulated  from  it.  Two  brushes  are  fitted  so  as  to  ensure  a 
good  contact  with  the  slip  rings,  even  should  one  brush  jump.  An 
iron  disc  L,  3  mm.  (12  in.)  thick  is  fixed  to  a  sleeve  M,  which 
revolves  upon  a  bearing  providing  by  the  pin  N,  projecting  from  the 
flywheel  This  sleeve  is  free  to  move  a  certain  distance  longitudinally, 
and  therefore  the  disc  L  can  be  brought  into  contact  with  the  flywheel 
ring  D,  or  can  be  moved  away  from  it.  Slots  O  are  formed  at  intervak 
in  the  disc  L,  as  indicated  in  Fig.  373.  The  sleeve  M  terminates  in  a 
flexible  coupling  member,  P,  and  by  means  of  this  and  the  other 
member,  Q,  it  is  connected  with  the  driving  shaft  R  of  the  gear  box- 
A  steel  ring,  S,  lies  outside  and  alongside  the  ring  L,  and  is  carried  by  a 
split  sleeve  W,  which  revolves  freely  outside  the  sleeve  M.  This  ring 
S  forms  the  armature  of  the  clutch,  and  is  caused  to  grip  the  disc  L 
between  it  and  the  pole  piece  ring  D,  when  they  are  magnetised  by 
the  passage  of  the  current  through  the  coil  C.  The  ring  S  is  mounted 
freely,  and  is  not  rigid  either  with  the  driving  or  the  driven  portions 
of  the  clutch.  Although  the  clutch  members  are  drawn  together 
magnetically,  and  the  force  exerted  can  be  varied,  yet  the  same  pedal 
which  controls  the  clutch  electrically  is  also  connected  mechaniciJly 
with  the  sliding  sleeve  M,  so  that  the  disc  L  and  the  ring  S  are  moved 
out  of  contact  with  the  flywheel  ring  D  when  the  pedal  is  fiilly 
depressed.  This  mechanical  connection  is  very  similar  to  that 
employed  for  operating  an  ordinary  friction  clutch,  the  pedal  being 
connected  with  the  lever  T,  which  is  pivoted  to  the  bracket  U,  and 
engages  at  its  lower  end,  through  the  ring  V,  with  a  groove  in  the 
sleeve  M.  (The  letter  reference,  W,  is  given  above).  As  the  clutch 
pedal  is  depressed,  the  degree  of  magnetism  holding  the  clutch 
members  together  is  gradually  reduced,  and  finally  the  sleeve  M  is 
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moved  rearwardly  to  separate  the  clutch  members.  The  current  on 
its  way  to  the  brushes  J,  and  thence  through  the  clutch  coil  C  to 
earth,  is  led  through  a  variable  resistance  device  mounted  in  front  of 
tho  dash  beneath  the  bonnet.  This  apparatus  consists  of  a  rotary  six- 
pronged  switch  drum,  the  stationary  contact  pieces  for  which  are 
connected  with  fine  wire  resistances  contained  in  the  base  of  the 
apparatus.  When  the  pedal  is  pressed  down,  the  switch  drum  rotates 
about  its  axis,  gradually  cutting  in  more  and  more  resistance  into  the 
circuit  by  drawing  the  contact  arms  away  from  their  stationary 
contacts.  There  are  six  arms  and  six  contacts,  so  that  the  amount  of 
current  passing  through  the  clutch  coil  is  reduced  in  six  stages.  The 
lines  of  force  in  the  magnetic  circuit  pass  through  the  armature  ring  S ; 
and  the  force  exerted  in  holding  the  disc  L  and  the  armature  S  solid 
with  the  flywheel  is  enormous,  although  the  maximum  current 
required  is  only  half  an  ampere,  at  an  E.M.F.  of  16  volts.  The 
number  and  sizes  of  the  slots  0  in  the  disc  L  are  important,  and  have 
been  so  proportioned  that,  whilst  on  the  one  hand,  a  sufficiently 
powerful  grip  is  assured,  yet,  on  the  other  hand,  the  disc  L  is  easily 
released  when  the  clutch  pedal  is  fully  depressed.  The  great 
advantages  of  this  magnetic  clutch  are :  (1)  that  any  desired  degree  of 
slip  can  be  permitted  ;  (2)  that  the  car  can  be  started  gradually  and 
without  shock ;  (3)  that  very  little  pressure  need  be  exerted  on  the 
o])erating  pedal,  and  (4)  that  the  momentum  of  the  revolving  parts 
connected  direct  with  the  gear  shaft  R  is  unusually  small,  owing  to  the 
fact  that  the  only  clutch  member  rigid  with  it  is  the  disc  L,  this 
rendering  the  manipulation  of  the  change-speed  gear  exceptionally 
easy,  and  tending  to  increase  the  life  of  the  change-speed  gear 
considerably. 

Typical  clutches  having  been  discussed,  the  general  arrangement 
of  toothed  transmission  gears  may  be  studied.  Generally,  as  many 
pinions  as  rates  of  speed  to  be  obtained  are  keyed,  screwed,  or 
brazed  on  the  main  shaft  (first-motion  shaft).  An  equal  number  of 
wheels  is  on  the  driven  shaft  (second-motion),  and  they  remain  free 
to  glide  longitudinally,  so  that  successively  each  can  be  made  to 
engage  with  its  corresponding  pinion ;  most  frequently  tho  wheels 
4ire  carried  by  a  sleeve  which  runs  along  the  shaft ;  or  sometimes, 
the  shaft  itself  moves  lengthwise.  Sometimes  the  main  shaft  pinions 
glide  along,  and  the  toothed  wheels  then  are  keyed  on  the  second- 
mention  shaft,  and  instead  of  being  juxtaposed  may  be  concentric, 
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in  which  case  the  shaft  on  which  the  pinions  are  mounted  occupies 
the  position  of  the  horizontal  diameter  of  the  common  circumference. 
The  respective  radii  of  these  toothed  wheels  are  calculated  so  as  lo 
reduce  the  number  of  revolutions  of  the  main  shaft  in  proportions  suit- 
able for  the  required  speeds  of  the  car.  The  greatest  reduction  found 
in  practice  is  that  of  18  to  1,  employed  in  the  Krieger  electric  fore- 
carri^e  Backward  or  reverse  motion,  operated  usually  at  slon 
speed,  is  obtained  by  interposing  a  pinion  between  the  sets  of 
toothed  wheels,  so  that  the  second-motion  shaft  (now  the  thini- 
motion)  revolves  in  the  same  direction  as  the  diiver  shaft. 

When  toothed  gear  is  well  cut  the  loss  of  power  is  small,  aod 
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there  is  the  further  advantage  of  but  little  space  being  occupied ;  but 
it  is  costly  without  being  ela.stic,  and  it. is  noisy  if  raw  hide  gear  or 
bevel  gear  is  not  employed.  It  does  not  allow  of  the  vehicle 
passing  progressively  from  one  speed  to  another.  To  change  sptt-J 
one  must  disengage  and  alter  the  wheels  in  gear,  and  if  this  is 
not  done  skilfully  it  is  easy  to  damf^  the  teeth. 

If  the  two  driving  wheels  of  a  car  are  keyed  upon  their  asle 
in  such  a  manner  that  they  are  obhged  to  constantly  perform  itie 
same  number  of  revolutions  at  the  same  rate  of  speed  on  a  straight 
road,  they  will  revolve  in  harmony,  but  when  making  the  Im« 
turn  the  inside  wheel,  hnving  less  distance  to  travel,  will  skid. 
causing  friction  and  wearing  away  the  tyre,  and  the  security  of  ib^' 
vehicle  will  bo  endangered.     By  means  of  the  differential  gear  ilif 
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wheels  revolve  independently  of  each  other.  Instead  of  being  in 
one  piece,  the  axle  is  in  halves,  a  a^  (Fig.  374) ;  one  of  the  wheels, 
r  r',  is  fixed  on  each  half,  and  also  a  pinion,  b  &',  gearinji;  with 
pinions  c  c' ;  these  pinions  move  around  their  axles,  which  ran 
along  two  radii  of  the  toothed  wheel  d,  with  which  they  form  ona 
This  wheel  is  driven  by  the  motor  shaft  by  aid  of  the  pinion  visible 
abova  With  this  device  the  wheels  proportion  their  speeds 
respectively  to  the  roads  on  which  they  run.  Instead  of  being 
formed  of  cone  gearing  the  differential  may  have  plane  pinions, 
which  are  less  cumbersome  {see  Fig.  375).  Conical  or  flat,  they 
are  generally  enclosed  in  a  gear  case,  which  will  hold  oil  and 
protect  them  from  dust. 

The  road  wheels  have  been  supposed  to  be  keyed  on  their  axles. 
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but  they  are  generally  loose,  driven  by  endless  chains  gearing  with 
sprockets  keyed  on  the  intermediary  shaft.  A  differential  gear  on 
this  shaft  now  is  necessary,  or  it  can  be  replaced  by  a  pawl  and  ratchet 
gear.  Brouhot  formerly  had  a  toothed  wheel  on  the  nave  of  each  wheel 
(«?*?  Figs,  702  to  704,  p.  653),  and  on  each  end  of  the  axle  a  plate 
around  whose  axis  was  hinged  a  three- branched  click,  the  lower 
one  beii^  engaged  in  a  cavity  of  the  axle.  When  the  axle  turned,  the 
<;lick  rocked  around  its  axis,  and  one  or  the  other  of  its  higher 
branches,  according  to  the  direction  of  the  motion,  engaged  in  one  of 
the  notches  of  the  cog-wheel,  antl  entrained  the  wheel  of  the  vehicle. 
When  the  vehicle  was  turning,  the  outer  wheel,  to  acquire  a  greater 
speed  than  the  other,  had  only  to  run  before  the  click,  the  click 
returning  into  contact  with  the  toothed  wheel  when  speeds  were  again 
the  same. 

It  is  a  ([uestion  whether  or  not  it  is  desirable  to  dispense  with  the 
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sensitive  differential,  which  often  acts  when  not  required,  as,  tor 
instance,  when  one  only  of  the  wheela  meets  with  iin  obstacle.  Then 
one  wheel  stops  or  does  not  run  so  quickly  as  the  second  and  tugs 
the  chain  in  a  destructive  manner,  leaving  the  other  chain  to  wort 
alone.  However,  the  majority  of  constructors  consider  the  differential 
to  be  necessary,  and  there  are  but  very  few  modern  ears  on  which  il 
is  not  fitted  on  either  countershaft  or  rear  axle. 


When  the  rear  axle  is  not  a  driving  or  "live"  axle  with  road  wheeh^ 
loose  upon  it,  the  cross  countershaft,  as  a  rule,  carries  two  sprocket*, 
which,  by  means  of  endless  chains,  drive  two  toothed  wheels  on  the 
spokes  or  hub  of  the  driving  wheels.  Motor  chains  resemble  bicycle 
chains  with  blocks  or  rollers.  Block  chains  consist  of  elongated 
links,  in  which  gear  the  teeth  of  the  wheels,  the  links  being  con- 
nected to  each  other  by  shorter  solid  Hnks  fastened  with  chillwi 
steel  rivets.     In  roller  chains  all  the  links  are  elongated,  and  ihev 


TRANSMISSIOX  OF  MOTOR  POWER   TO  DRIVING   WHEELS.    383 

are  united  by  rivets,  which  form  pivots,  around  which  the  rollers  can 
turn  freely.  Any  gliding  of  the  solid  links  of  the  block  chain  on  the 
toothed  wheels  is  replaced  in  the  roller  chain  by  the  running  of  the 
rollers,  and,  theoretically,  the  efficiency  should  be  greater  in  the 
roller  chain.  JBenoit*s  block  chain,  Fig.  376,  is  constructed  with 
a  view  to  making  friction  and  wear  bear  upon  the  interior 
surface  of  the  solid  links,  and  the  exterior  surface  of  the  sockets 
surrounding  the  axles.  Chains  suiFer  greatly  from  wear  ;  by 
elongating  their  pitch  the  teeth  are  prevented  from  fitting  exactly, 
and  the  looseness  causes  losses  in  power  transmission.  Benoit 
endeavoured  to  replace  the  blocks  with  double  rollers,  the  dimensions 
being  calculated  so  as  not  to  require  any  alteration  in  the  toothed 
wheels,  and  the  improved  chain  gives  great  smoothness,  and  though 
of  somewhat  delicate  construction  is  less  liable  to  smash  than  a  block 
chain.  In  a  third  type  of  chain  (Fig.  877)  constructed  by  the  Benoit 
linn  the  same  interval  is  made  between  all  the  rollers,  and  only  one 
roller  works  in  each  tooth.  This  chain  has  the  advantages  of  the 
second  type,  whilst  being  lighter  and  cheaper.  Evidently  it  is 
desirable  to  standardise  chains  by  forming  guiding  rules,  which, 
however,  must  not  hamper  the  constructor.  The  Touring  Club 
of  France  organised  a  commission,  which  proposed  the  following 
dimensions : — 


Block  and  Double  Roller  Chains. 

Single  Roller  Chains. 

Pitch.                   Width.         1          Solid. 

Pitch. 

Width. 

Solid. 

1 
mnj.           .            mm,                      mm. 

mm. 

mm. 

mm. 

3o                       20                       24 

25 

13 

11 

40                        20                        28 

30 

16 

13 

45                       20                       32 

35 

20 

16 

50                       20                       36 

40 

20 

18 

60 

25                       42 

50 

25 

22 

70 

30                       48 

60 

30 

27 

85                       35                       60 

75 

35 

33 

100                       40                       70 

By  the  word  "  solid  "  in  the  above  table  is  meant  the  length  of  the 
solid  parts,  by  "width"  the  inner  breadth  of  the  space,  and  by 
*'  pitch  "  the  length  of  the  solid  and  the  space. 

The  Brampton  block  chain  is  shown  by  Fig.  378,  the  roller 
chain  by  Fig.  379,  and  the  duplex  roller  chain  by  Fig.  380. 
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The  Brampton  special  lubricated  heavy  chain  ia  designed  with  the 
object  of  ensuring  that  the  inner  surface  of  each  roller  is  lubricated 
efficiently.  For  this  purpose  each  rivet  is  drilled  with  a  hole,  A, 
Fig.  381,  in  its  centre,  and  into  this  a  passage,  B  C,  leads  from  outside 
the  rivet  (see  Figs.  381  and  382).  Hole  A  is  countersunk,  and  a  light 
spring,  D, and  a  63  mm.  {-25  in.)  steel  ball,  E,  are  inserted,  and  then 
held  in  place  by  spinning  over  the  edge  of  the  counter  sinking,  as  at  F. 

The  Renolds  chain,  known  also  as  the  Varietur(Figa.  383  and  384)  was 
designed  to  avoid  the  inconveniences  due  to  elongation  of  the  pitch  ;  the 
links  are  united  by  pivots,  and  their  top  part  is  slightly  curved  and  the 
lower  part  constituted  by  two  triangular  teeth  joined  by  a  semicircle. 
The  gearing  has  suitably  cut  teeth,  and  the  two  sets  of  links  being 
hinged  on  the  same  pivot,  they  sink  like  wedges  between  the  teeth, 
which  they  hold  strongly.    If  the  pitch  happens  to  alter  by  elongation 


Fig.  380.— nKiorroN  Duplej:  Rollbk  Chacsi. 

the  triangular  wedges  sink  less  between  the  teeth,  but  the  gearing 
remains  just  as  close.  It  is  claimed  that  the  form  of  the  top  part, 
somewhat  similar  to  that  of  a  belt,  more  or  less  prevents  dust  from 
getting  into  the  teeth  of  the  wheels.      The  chain  runs  silently. 

Motor  chain  links  so  often  rupture  that  it  is  usual  to  carry  a  spare 
chain  in  the  car ;  and  some  constructors,  especially  Jacquet  and 
Bordet,  have  endeavoured  to  make  chains  with  links  which,  when 
broken,  can  be  replaced  easily  during  a  journey. 

Whatever  be  the  system  employed,  there  must  be  a  pliant  connec- 
tion between  the  differential  shaft  and  the  axle,  the  distance  between 
which  varies  with  flexion  of  the  springs;  but  in  order  that  it  may 
vary  as  little  as  possible,  the  two  parts  are  united  by  a  distance  rod, 
hinged  at  each  end,  which  makes  the  axle  describe  part  of  a  circle 
around  the  shaft.  The  horizontal  component  of  this  motion  is 
obtained  by  placing  the  shaft  and  axle  in  about  the  same  horizontal 
plane  or  inclining  the  nipper  springs  so  that  the  relative  displacement 
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may  take  place  according  to  a  tangent  to  the  course  of  flexion  of  the 
tops  of  the  springs.  To  allow  it  to  do  so,  flexible  springs  with  rounded 
ends  are  employed,  and  they  are  united  with  the  ft'arae  by  side  pieces 
which  give  them  a  certain  amount  of  play.  If  nipper  springs  are 
employed,  the  pieces  connecting  the  springs  with  the  frame  are  made 
tx>  altde  in  gussets. 

The  breakage  of  a  chain,  with  the  consequence  that  the  car  is  left 
with  one  driving  wheel  only,  may  cause  overturning  if  the  car  is 
moving  at  full  speed ;  in  any  case  it  prevents  continuing  the  journey, 
because  the  moving  wheel  describes  a  circle  round  the  stationary  one. 


Figi.  3S3  And  3S4.— Elsva- 
TiDN  aUd  Plan  of  Re- 
xoLiw  Chain. 


If  by  arresting  the  differential  gear  it  were  possible  to  give  the  wheels 
interdependence,  it  would  be  possible  to  proceed  with  a  single  chain  ; 
this  is  the  case  with  the  Orient  Express  car,  in  which  a  ring  glides  on 
a  socket,  and  by  entering  a  clutch  bars  the  differential. 

The  chief  advanti^e  of  chain  driving  is  the  flexibility  it  gives  ti> 
the  transmission ;  and  this  flexibility  is  of  particular  value  with  a 
petrol  motor  whose  couple  varies  every  moment  With  the  electric 
motor  giving  a  constant  couple  the  chain  can  be  dispensed  with 
easily,  and  enclosed  toothed  gearing  used  instead. 

Chains,  in  spite  of  their  defects,  but  owing  to  their  simplicity,  are 
the  most  common  medium  of  power  transmission  on  automobiles, 
but,  as  has  been  the  case  with  the  bicycle,  endeavours  have  been 
made  to  replace  it  by  a  device  more  easy  to  regulate  and  less  liable 
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to  snap.     The  most  popular  chainless  system  is  referred  to  in  the 
next  paragraph. 

A  large  number  of  petrol  cars  have  what  is  known  as  the 
"Panhard  type"  transmission  gears.  This  originated  with  an  early 
Panhard  and  Levassor  car,  and  in  its  many  modified  forms  is  the 
most  widely  used  gear  at  the  present  time.  By  means  of  it  the 
motor  ultimately  drives  a  diflFerential  shaft  whose  ends  are  connected 
by  chains  to  sprockets  on  the  naves  of  the  road  wheels.  Perhaps 
the  majority  of  petrol  cars  employ  this  system,  and  the  greater 
number  of  those  which  do  not,  especially  among  1903  cars,  have  a 
chainless  system,  whose  central  and  longitudinal  shaft,  universally 
jointed,  drives  a  bevel  gear  on  the  case  of  the  differential  gear,  which 
is  carried  by  a  "  live  '*  rear  axle  upon  which  the  road  wheels  are  keyed. 
The  last  two  years  have  seen  the  abolition,  of  many  fantastic  and 
elaborate  transmission  devices,  and  the  majority  of  the  better  known 
cars  have  gears  of  the  two  kinds  just  mentioned. 

The  "  Panhard  type "  gear  will  now  be  described  in  detail.    The 

motor  shaft  carries   a  friction   clutch  shell,  and  in  line  with   the 

motor  shaft  is  the  main  shaft  carrying   the  corresponding  part  of 

the  clutch.      By  depressing  a  pedal,  the  two  parts  are  put  out  of 

engagement;    by    partly    depressing    the    pedal,    there     is    partial 

engagement,  allowing   of  a  certain  amount  of   slip,  and  thus,  by 

carefully  working  the  pedal,  the  motor  and  gear  can  be  saved  all 

sudden  shock ;  when  the  pedal  is  up,  there  is  complete  engagement, 

although  the  clutch  spring  should  be  of  just  such  a  strength  and 

so  adjusted  that  it  slips  somewhat  if  the  two  parts  of  the  clutch 

are  brought  together  too  quickly.      At  top  speed,  a  motor  making 

750  revolutions   per  minute  would  revolve  four  times  as  fast  a^ 

the  road  wheels,  but  for  hill  climbing  the  gear  has  to  allow  of  the 

motor  revolving,  say,  sixteen  times  as  fast  as  the  road  wheels.     The 

Panhard  gear  provides  for  this  change  of  ratio  by  means  of  pairs 

of  toothed  gears  or  cog-wheels.      A  three-speed  gear  is  shown  in 

plan  by  Fig.  385,  and  in  elevation  by  Fig.  386;   a  four-speed  gear 

is  the  same,  but  for  the  addition  of  another  pair  of  cogs.     J  is  the 

main  shaft  in  line  with  the  motor  shaft,  and  L  is   the  top  shaft 

driven  off  the  former.     The  three  unequal  gear  wheels,  A,  B,  C,  are 

on  the  main  or  lower  shaft,  above  them  being  corresponding  wheels 

A\  B^  C^  on  the  top  shaft.    It  is  necessary  to  study  the  diagrams 

to  get  an  idea  of  the  relative  sizes  of  these  wheels.     The  drivers 
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change-speed  lever  works  the  arms  N^,  N-,  and  N^,  and  these  have 
a  fork  which  engages  with  a  double  flange  on  the  sleeve  M  on  the 
lower  shaft.  This  sleeve  carries  the  gear-wheels  C,  B,  and  A,  and 
as  the  shaft  is  square  for  a  portion  of  its  length  they  can  be  moved 
to  and  fro  upon  it,  and  any  one  of  them  brought  into  engagement 
with  its  corresponding  wheel  on  the  upper  shaft  L.      At  the  end 

^ 
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Fig.  385. 


Figs.  385  and  386.— Panhaud  Change-speed  Gear. 

-of  L  is  the  bevel  gear  F,  engaging  with  a  bevel  F^  on  the  diflFerential 
case  G,  and  thereby  driving  the  counter  shaft  H  H.  By  means  of 
sprockets  on  the  ends  of  the  counter  shaft,  chains  drive  ihe  rear  road 
wheels.  A  drum  or  pulley,  R,  on  the  counter  shaft  is  encircled  by 
the  band  of  the  pedal  brake.  The  lowest  gear  is  in  use  when  A 
meshes  with  A^  as  shown.  By  pushing  the  change-speed  lever  a 
notch  forward,  C  meshes  with  C^  and  gives  the  second  speed,  and 
when  the  lever  is  in  the  next  notch,  C  passes  through  the  teeth  of 
•C^  and  B  meshes  with  B^  and  gives  the  top  speed,  the  two  shafts 
z  2 
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turQiQg  at  nearly  the  same  speed.  (A  feature  of  modem  gears, 
chiefly  those  employing  the  universally  jointed  shaft  and  line  axle 
previously  referred  to,  Is  that  there  is  a  direct  drive  on  the  top 
speed ;  that  is,  the  main  shaft  directly  drives  the  rear  axle  at  top 
speed,  the  auxiliary  shaft  transmitting  power  at  the  lower  speeds 
only,  although  in  most  cases  it  always  revolves  whether  it  transmits 
power  or  not.     Examples  of  such  gears  are  described  later.) 

Reverse  motion  is  obtained  with  the  Panhard  type  gear  by  the 
use  of  the  additional  gear-wheels  D  E,  Figs.  385  and  386.      These 
are  shown  separately  in  Figs.  387  and  388,  which  respectively  show 
disengagement  and  engagement      The   wheels  D  E  are  fixed  to  a 
third  shaft  O,  at  one  end  of  which  is  the  spring  Oi,  and  at  the 
centre    the    stop    0-,       On 
drawing  back    the    change- 
speed   lever,  arm   N   comes 
i^ainst  stop  0-,  and  at  the 
same  time  the  sleeve  M  and 
the   gear-wheei  A    are  slid 
along   the    square    shaft    J 
until  A  meshes  with  E    As 
the  lever  is  brought  further 
back,  the  sleeve  M  and  the 
shaft    O    move     in    unison 
Figs.  387  and  38S.— Panhakd  Rbvehsb  Gsab.        Until    the    gCUTS    A'    and    1* 
mesh    together,    as    shown 
in  Fig.   388,      Now,  the  lower  shaft  J  has  no  longer  a  direct  con- 
nection with  the  top   shaft  L;    instead,  the  connection   is    through 
the  wheels  D  £  on  shaft  0,  so  that  the  two  shafts  J  L  now  revolve 
in  the  same  direction  as  each  other  and  not  in  opposite  directioos 
as  before.     As  soon  as  the  fork  is  diseng^ed  by  the  change-speed 
lever,  it  ceases  to  press  upon  the  stop  block  0^  so  that  spring  U' 
pushes  back  its  axle  and  gear-wheels  D  E  reassume  their  original 
positioa    The  clutch  K  is  regulated  at  P  by  means  of  a  spring- 
controlled  rod  running  right  through  the  hollow  lower  shaft. 

In  chainl&ss  transmissions  the  Panhard  type  gear  stUl  can  l>e 
employed,  but  the  top  shaft  is  lengthened  and  the  bevel  at  its 
end  drives  a  bevel  on  the  differential  ease  of  the  back  axle  of  the 
road  wheels.  Gears  of  this  type,  though  perhaps  modified,  are 
employed  on  Ariel,  Aigyll,  Uautier,  Humber  and  other  cars. 
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The  Mercedes  traasmission  retains  the  side  chains,  and  a  view  of 
the  1903  change-speed  gear  is  given  by  Fig.  389.  A  first-motion 
shaft  is  fixed  to  the  clutch  shaft  by  a  flange-coupling,  G,  and  the 
second-motion  shaft,  in  the  same  plane  with  it,  drives  by  bevel  gear- 
ing, H^  K',  tbe  differential  K\  The  countershaft  K',  carrying  the 
side  chain  .sprockets,  has  a  coupling,  K^,  and  is  carried  in  outside 
bearings  riveted  to  the  frame.  On  the  first-motion  shaft  are  wheels, 
C,  G*,  G'  and  G*,  which  to  obtain  the  first,  second,  third  and -fourth 
speeds  arc  slid  into  mesh  with  the  fixed  wheels  H',  H^,  H^  and  H* 


Fig.  389.— Mercbihh  Chanob-speid  Gbak. 

respectively,  on  the  second-motion  shaft.  These  movements  are 
effected  by  a  disc-cam,  J,  revolved  by  a  spur-wheel,  J',  forming  one 
with  it,  the  spur-wheel  meshing  with  a  toothed  segment  operated  by 
the  change-speed  lever.  Two  levers,  engaging  with  each  of  the 
sleeves  carrying  either  pair  of  spur-wheels  on  the  first-motion  shafti 
engage  in  the  cam  convolutions,  which  are  so  shaped  that  a  con- 
tinuous forward  movement  of  the  lever,  and  the  consequent  rotation 
ol  the  cam,  cause  the  spur-wheels  to  slide  into  mesh.  For  reverse 
motion  an  estra  spur-wheel  is  brought  into  mesh  between  the  low- 
speed  spur-wlieels  by  an  extreme  rearward  movement  of  the  change- 
speed  lever.  Also  this  intermediate  wheel  is  controlled  by  the  cam  J. 
The  Mercedes  change-speed  gear  employed  on  the  Milnes 
voitiirette  is  shown  by  Fig.  390.  A  is  the  coupling  for  the  clutch 
shaft,  and  the  manner  in  which  the  tJTof,hcd  wheels  on  the  first- 
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motion  shaft  give  the  different  speeds  by  gearing  with  those  on  the 
second-motion  shaft  B  is  at  once  apparent  The  change  is  operatwl 
by  the  lever  C.  On  the  forward  end  of  the  second-motion  shaft  B  is 
a  brake  drum  D,  and  on  the  rear  end  is  a  smalt  bevel  which  tmnsmiu 
motion  to  the  large  bevel  E,  Burrounding  the  differential  gear.  The 
two  parts  of  the  countershaft  F  are  carried  in  bearings  rigid  with 
the  gear  box,  but  these  shafts  do  not  themselves  project  through  the 
outside  brackets  and  carry  the  driving  sprocket  wheels.  These 
sprockets  are  carried  on  separate  small  pieces  of  shafting  connected 
with  the  actual  countershaft  by  flexible  jaw  couplings,  which  allow  of 
the  removal  of  the  gearing  without  disturbing  the  sprockets  i  further, 


Fig.    390. — JlGUCBDEf-MlLXEri     CuXSBt- 

BTEED  Oeau.      Fiy.  391, — Bjwaiii 
Opiraii-vo  Mecea-msm, 


any  relative  motion  between  the  gear  box  and  main  frame  is  prevented 
by  the  flexible  couplings  from  causing  any  strain  on  the  countershafu 
The  Renault  transmission  is  operated  by  the  mechanism  sho»"n 
in  sectional  elevation  by  Fig.  391.  The  actual  gear  is  illustrated  by 
Fig.  392,  in  which  the  gear  box  and  the  mechanism  that  actuates 
it  are  shown  in  plan,  and  the  clutch  jjeda!  (  and  the  bevel  drive  to 
the  live  rear  axle  in  elevation.  Tlio  spur-wheels  B,  (i  and  f, 
arranged  for  engagement  with  A,  E  and  B,  are  moimted  eccentrically 
in  such  a  manner  that  they  can  be  put  in  and  out  of  mesh  by  tiie 
action  of  two  toothed  racks  (one  is  shown  to  the  right  of  the  gear  Iwx  i 
which  cause  the  spur  wheel  i  to  rotate  the  second-motion  shalL  Thv 
change-speed  automatically  draws  B,  G  and  0  out  of  mesh  before  the 
sliding  wheels  A  E  are  moved  longitudinally  on  the  squared  main 
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shaft,  and  then  brings  tbeni  back  again  into  engagement  with  the 
required  wheel  For  the  reverse  motion,  the  eccentric  intermediate 
spur-wheel  S  is  brought  down  into  gear  with  A  and  B,  as  soon  as 
A  has  slid  along  the  shaft  past  B.  The  hand  lever  J,  shown  in 
plan  by  Fig.  391,  gives  all  the  speeds,  both  forward  and  reverse,  and 
is  connected  rigidly  with  the  toothed  quadrant  L  through  shaft  K ; 
the  quadrant  rotates  pinion  M  when  the  hand  lever  is  moved. 
The  pinion  M  is  one  with  a  bevel  wheel,  N,  and  so  shaft  P  ia 
rotated  by  means  of  bevel  pinion  0.  Shaft  F  has  cams  which 
operate  the  racks  already  mentioned,  and  it  has  a  quick-feed  thread 
which   gives   a  longitudinal    motion   to  sleeve  F.     A  fork  connects 
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F  with  the  sliding  wheels  A  E  As  shaft  P  rotates,  it  moves  the 
spur  wheels  B,  G  and  C  and  the  reverse-motion  wheel  S,  in  and 
out  of  mesh,  and  it  slides  along  the  sleeve  that  carries  A  and  R 
These  actions  take  place  relatively  to  one  another  ;  and  when  at 
top  speed  the  wheels  are  in  the  position  illustrated  ui  Fig.  392, 
there  then  being  a  direct  drive  from  fly-wheel  V  through  the  triction 
clutch  U,  the  jaw  clutch  (shown  between  E  and  D),  universal  joints 
r,  bevel  pinion  s,  to  the  toothed  bevel  t,  on  the  differential  of  the 
live  axle;  wheels  B,  G,  C  and  S  are  now  stationary.  For  the 
Beeood-speed,  wheel  E  is  made  to  mesh  with  G,  and  to  break  its 
owTi  jaw-cluteh  connection  with  D,  at  the  same  time  C  ei^ages 
with  D ;  thus  the  drive  is  through  E,  G,  C,  D.  At  the  lowest 
speed  the  drive  is  through  A,  B,  C,  D.  For  reverse  motion  A 
engi^^  with  S,  this  with  B,  and  the  drive  as  before  is  taken 
through  C,  D,  only  in  the  reverse  direction  of  rotation. 
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Tbe  Renault  friction  clutch  is  worked  by  the  pedal  I  and  rod  Q. 
Fig.  392.  A  chain  passes  round  a  groove  in  sleeve  </,  and  its  other  end 
is  supported  by  a  tension  spring  fixed  to  the  frame.  Depres.sing 
the  pedal  turns  the  sleeve  q,  which  has  an  internal  wonn  screwing 
over  a  corresponding  fixed  worm ;  on  turning  the  sleeve  forces 
the  male  clutch  cone  U  away  from  the  clutch  shell  V  against  the 
action  of  spring  X ;  a  thrust  bearing,  T,  is  placed  between  the 
sleeve  g  and  the  clutch. 


The  Mors  transmission  has  the  usual  side  chains,  and  the  gearing' 
gives  the  now  customary  direct  through-drive  on  the  top  (fourth) 
speed.  The  motor  shaft  A,  Fig.  393,  carries  the  clutch  shell  B,  the  cone 
C  of  the  clutch  being  carried  by  the  main  driving  shaft  B,  which  has 
a  ball  bearing  in  the  clutch  .shell  at  R  Shaft  t>  has  three  gear 
wheels  on  one  sliding  sleeve  on  a  squared  part,  gearing  with  fixed 
wheels  on  the  second-motion  shaft  F,  At  top  speed  the  bevel  gear 
G  H  in  connection  with  the  main  shaft  ia  driven  through  the 
coupling  J,  but  this  is  put  out  of  action  and  the  sleeve  of  wheels  is 
slid   along  when   required   by  rod   K,   which   operates   fork   L  and 
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connection  M.  At  lower  speeds  the  drive  is  from  one  shaft,  D,  to 
the  other,  F,  and  thence  through  bevels  N  0  to  the  differential  shaft 
P,  which  has  couplings,  Q,  and  brake  drum,  R  For  the  reverse 
there  is  a  wide  pinion,  S,  on  an  intermediary  shaft  {see  also  the  detail. 
Fig.  394),  brought  into  action  by  fork,  T,  the  drive  being  transmitted 
through  the  second-motion  shaft  F.  In  Fig.  393  the  portion  of  the 
driving  shaft  D,  surrounded  by  the  clutch  spring  U,  is  shown  broken 
away.     V  is  the  differential. 

The  Cottereau  change-speed  gear  is  of  the  Panhard  type,  and  the 
main  shaft  drives  by  bevel  gearing  a  small  cross-shaft  which  replaces 
the  ordinary  countershaft  At  one  side  this  shaft  has  a  brake  drum 
and  on  the  other  a  sprocket,  from  which  a  chain  passes  to  a  sprocket 


Fig.  3DS.— BE.NZ  Chanos-bpbed  Geah. 

ring  on  the  differential  gear  of  the  live  axle.  There  is  but  one 
chain,  and  there  is  a  direct  through-drive  on  the  top  speed.  (The 
Belsize  car  (Marshall  &  Co.)  employs  a  similar  system.)  This  is 
the  method  employed  in  the  7-  and  10-h.p.  cars.  In  the  Ifi-h.p.  car 
the  final  drive  is  by  two  side  chains  from  the  usual  countershaft. 

The  Darracq  car  has  the  usual  sliding  gear-wheels,  and  there 
Ls  a  direct  through-drive  on  the  top  speed ;  a  longitudinal  shaft 
drives  a  live  rear  axlo  through  bevel  gearing.  The  Benz  gear 
(Fig.  3!*5)  typifies  the  same  practice. 

The  Richard- Brazier  change-speed  gear  with  four  forward  speeds 
also  gives  a  direct  drive  for  the  top  speed,  the  first  and  second 
motion  shafts  being  alongside  each  other.  There  is  a  flexible 
throngh-drive  from  the  flexible  coupling  (which  connect-s  the  gear 
with  the  main  shaft)  to  the  bevel  wheel  which  drives  the  counter- 
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shaft.  From  what  has  already  been  said  in  describing  similar  gears 
there  will  be  no  difficulty  in  understanding  this.  In  other  types 
of  Richard  cars,  the  transmission  gear  is  more  usual,  being  of  the 
direct-drive  ioi^tudinal,  universally  jointed  shaft  type. 

The  Ader  transmission  (Fig.  396)  gives  a  direct  through-drive 
on  the  top  speed.  The  attachment  to  the  motor  friction  clutcli 
is  at  A;  and  the  direct-drive  is  through  shaft  A  and  through  a 
jaw  clutch  to  bevel  wheel  E  on  the  differential  of  shaft  F.  For 
the  lower  speeds,  motion  is  transmitted  by  the  spur  wheels  G,  H,  J, 
mounted  on  a  square  formed  on  their  shaft,  to  corresponding  wheels 


Fig.  39Q.— AoBR  Chasoe-spred  Obak. 

K  L  M  on  the  second-motion  shaft  N,  and  then  through  the  bevel 
O  to  differential.  The  back  face  of  spur-wheel  J  forms  one  part 
of  the  jaw  clutch  for  the  top  speed.  P  shows  the  brake  drum  or 
piUley.     The  gears  are  changed  by  lever  i),  shaft  R,  and  fork  S. 

The  de  Dietrich  (Turcat-Mery)  transmission  is  shown  by  Fig.  397 
The  fly-wheel  A  has  a  friction  clutch  B,  with  collar  (J  driving  the 
first-motion  shaft ;  the  two  motion  shafts  !>  E  are  in  the  same 
horizontal  plane,  but  there  is  no  direct  through-drive.  The  shaft 
D  is  not  squared  in  the  usual  way,  but  four  equi-distant  slots  arc 
milled  in  it  so  as  to  form  four  projecting  ridges,  which  engage  in 
corresponding  recesses  in  the  hubs  of  the  shding  spur-wheels,  which 
it  carries.     This  is  a  Panhard  type  gear  and  therefore  does  not  need 
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further  description.     The  countershaft  chain  drives  the  rear  wheels 
from  side  sprockets  as  usual.     G  is  the  reverse-motion  gear. 

The  Brooke  transmission  and  change-speed  gear  presents  some 
novel  features.  The  crank  shaft  lies  across  the  car  and  carries  a 
friction  clutch,  outside  which  and  driven  by  it  is  a  chain  wheel 
From  this  is  driven  by  a  Renolds  chain  the  wheel  A,  Fig.  398.  This 
gear  is  enclosed  in  an  oil-tight  aluminium  case.  B  is  the  Hrst-inotion 
shaft  and  C  the  countershaft,  this  chnin  driving  the  rear  wheels  by 


Fig.  39'.— Dk  Dietrich  (Ti'bcat-M£ht)  Chanoe-bfbed  Qeae. 

end  sprockets  (not  shown)  as  usual.  The  three  fixed  sprockets, 
D,  E,  F,  on  the  first-motion  shaft  are  connected  by  Brampton  roller 
chain-s  to  three  loose  sprockets,  G,  H,  J,  on  the  countershaft  C.  By 
means  of  jaw  clutches,  any  two  opposite  chain  wheels  are  brought 
into  operation.  For  reverse  motion,  chains  are  not  used ;  a  spur 
wheel  K  on  the  driving  shaft  B  meshes  with  the  intermediate  pinion 
M,  and  this  with  the  large  spur  wheel  N,  mounted  on  the  difi'erentinl 
shaft  Change  of  speed  and  direction  are  controlled  by  a  lever  which 
is  rigid  with  a  quadrant,  this  latter  working  into  the  toothed  wheel 
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O,  carried  on  the  outer  edge  of  the  cam  shaft  P,  which  passes  halfway 
across,  inside  the  gear  box.  Shaft  P  carries  the  peculiar  cam  shown, 
and  this  is  so  shaped  that,  when  rotated,  it  gives  a  longitudinal 
movement  to  one  or  other  of  two  sliding  rods,  which  pass  across 
the  gear  box,  and  which  carry  steel  rollers  travelling  in  the  cam 
grooves.  The  upper  rod  throws  in  and  out  the  intermediate  reversing 
pinion  M,  and  controls  the  first-speed  jaw  clutch  by  the  arm  E; 
the  lower  rod  controls  the  second  and  third  speeds  by  ami  S.  The 
differential  gear  T  is  connected  by  a  sleeve  with  the  jaw  clutches 
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Fig.  398. — Brooke  Chanoe-speed  Gbab. 


of  the  sprocket  wheels  G,  H,  J,  and  with  the  spur-wheel  N,  this 
sleeve  also  carrying  a  water-jacketed  band-brake  drum  U,  outside  the 
gear  case. 

The  feature  of  the  Wolseley  transmission  is  the  chain  drive 
between  the  motor  friction  clutch  and  the  first-motion  shaft  of  the 
change-speed  gear.  Fig.  399  shows  the  arrangement  on  the  7-h.p.  and 
10-h.p.  cars.  The  right-hand  pedal  A^  directly  operates  the  friction 
clutch  A^  mounted  on  the  motor  shaft  A;  normally  the  clutch, 
which  has  a  ball  thrust,  is  held  in  engagement  by  a  volute  spring. 
A  Renolds  chain,  shown,  passes  to  a  hollow  sprocket,  D,  which  is 
very  wide  to  allow  the  sprocket  on  the  motor  shaft  to  move  outwardly 
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when  the  clutch  is  diseng^ed,  and  to  allow  of  the  chain  running 
straight  at  all  times ;  another  reason  for  the  extra  width  is  the  side- 
way  movement  given  to  it  when  the  speed  is  changed  from  one  gear 
lo  another,  since  it  is  mounted  to  revolve  freely  upon  a  large  brass 
biish  on  the  iirst-motion  shaft.  It  has  square  jaws,  which  project 
inwardly  and  er^ge  normally  with  corresponding  jaws  formed  on  a 


Pig.    3fl9.— WOLSELBT   TaAKSKlBBlO-J    GeAH. 

boss  rigid  with  the  shaft  D.  A  guide  carries  the  sprocket  in  such  a 
ruanner  that  its  internal  jaws  can  be  brought  in  and  out  of  engage- 
ment with  the  tirst-niotion  shaft,  the  guide  being  controlled  by  cam  B', 
mounted  on  the  gear-change  shaft  B.  The  guide  is  carried  on  the  end 
of  a  stationary  rod,  C,  passing  across  inside  the  gear  box,  and  which 
also  serves  as  an  internal  guide  for  the  sliding  sleeves  operating  the 
change-gear  wheels  themselves.  The  cam  is  so  shaped  that  the  jaw 
clutch  inside  the  sprocket  comes  into  engagement  just  after  each 
spur-wheel  has  been  brought  into  mesh  in  the  gear  box,  and  similarlj' 
in  disengaging  just  before  either  of  the  spur-wheels  is  slid  out  of 


398  THE   AUTOMOBILE. 

mesh;  this  arrangement  avoids  extreme  shock  and  strain  on  the 
gear  teeth.  The  change-speed  gear  is  operated  by  the  lever  B\  bolted 
to  which  is  a  quadrant  gearing  with  the  spur-wheel  B-.  In  the 
actual  gear  box  is  a  long  cam  drum,  which  operates  sliding  forks ; 
these  bring  sliding  spur-wheels  on  the  first-motion  shaft  in  and  out 
of  engagement  with  corresponding  wheels  fixed  on  a  differential 
countershaft;  the  differential  has  spur,  not  bevel,  gears. 

The  means  for  lessening  shock  and  strain  in  speed-changiiu: 
employed  on  the  Wolseley  20-h.p.  cars  differ  from  the  above,  and 
the  result  is  said  to  be  even  more  successful.  The  horizontal  motor 
has  two  friction  clutches  (one  in  each  fly-wheel) ;  two  chains,  one 
each  side  of  the  car,  drive  the  first-motion  shaft.  A*  two-way  jaw 
clutch  is  employed,  its  sliding  portion  being  mounted  on  and  other- 
wise rigid  with  the  differential  gear.  It  engages  spur-wheels  either 
to  the  right  or  left  of  the  differential,  according  to  how  it  is  moved, 
and  these  spur-wheels  are  mounted  freely  on  sleeves  and  are  made 
rigid  with  the  differential  only  through  the  jaw  clutch.  This  List 
is  operated  by  the  composite  cam  drum  that  slides  the  gears  inio 
mesh.  The  action  then  is  as  follows :  Whenever  the  friction  clutches 
engage  with  the  fly-wheels,  the  Renolds  chains  drive  the  first-motion 
shaft ;  the  sliding  wheels  on  this  shaft  are  brought  into  gear  much 
as  usual  with  the  corresponding  wheels  on  the  countershaft,  but  these 
latter  wheels  cannot  drive  the  countershaft  until  the  change  of  speed 
has  been  quite  completed  and  the  jaw  clutch  has  come  into  use. 
For  the  reverse,  intermediate  wheels  are  slid  into  mesh ;  in  the  gears 
on  the  lower  power  cars  mentioned  above,  wheels  on  the  first-motion 
shaft  are  themselves  slid  into  gear  with  the  intermediate  ones. 

The  change-speed  gear  employed  on  the  Rochet  6^-h.p.  light  ciir 
differs  only  in  small  details  from  the  gears  employed  on  other 
cars  of  the  same  make.  The  gear  is  shown  diagrammatically  by  Fisr 
400,  and  gives  a  direct  through-drive  on  the  top  speed.  The  upper 
shaft  A  is  driven  through  the  friction  clutch  B,  and  carries  the  sliding 
train  of  toothed  wheels  C  D,  gearing  for  the  lower  speeds  with  a 
similar  train  E  F  on  the  underneath  shaft  H.  The  gear  wheels 
E  F  on  the  latter  are  slid  out  of  engagement  when  the  car  is  running 
at  top  speed,  so  that  shaft  H  is  still,  and  does  not  even  revolve  idly. 
The  gears  are  each  shifted  by  a  fork,  that,  J,  for  the  wheels  C  D  on 
shaft  A  being  a  fixture  \vith  rod  K ;  whereas  the  fork  L,  operating  the 
wheels  on  shaft  H,  sKdes  freely  on  rod  K,  and  is  kept  pressed  a^puast 
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J  by  the  spiral  spring  indicated  in  section  by  M.  Thus  spring  M 
constantly  forces  the  train  F  N  to  the  left  (E,  it  may  be  said,  is  fixed 
to  shaft  H);  but  two  opposite  causes  act  alternately,  that  is,  L  is 
stopped  by  J,  whose  position  depends  on  that  of  the  train  C  D, 
and  in  the  second  place  it  cannot  go  beyond  the  squared  portion  of 
the  shaft  H.  In  its  extreme  left  position  N  engages  with  P,  which 
is  mounted  on  a  sleeve  Q,  loose  on  the  shaft  A,  and  the  continuation 
of  this  sleeve  to  the  right  is  the  actual  driving  shaft.  In  explanation 
of  the  action  of  this  system,  it  may  be  said  that  working  the  rod  K 
causes  C  on   shaft  A  to   drive  E  on   shaft  H ;   the  power  is  taken 


Fig.  400.— RocHBT  Cmaj 

through  N  to  P,  and  thence  to  the  Hve  axle ;  this  is  the  lowest  speed. 
When  D  gears  with  F,  and  N  with  P,  the  second  speed  is  obtained ; 
for  the  top  speed  the  jaw  clutch  R  directly  connects  the  wheels  D 
and  P,  and  there  is  a  direct  drive  from  motor  to  wheels ;  the  fork 
J  pushes  fork  L  and  train  F  and  N  to  the  right  and  out  of  gear,  so  that 
shaft  H  does  not  revolve.  For  reverse  motion,  C,  on  shaft  A,  is  slid 
to  the  left  until  it  drives  S,  mounted  on  an  intermediary  shaft,  T ;  at 
the  same  time  the  rim  of  wheel  I)  bears  against  the  cheek  of  wheel 
U,  which  thus  is  pushed  to  the  left  until  it  drives  wheel  E ;  N  being 
by  this  time  in  gear  with  P,  the  reverse  motion  is  transmitted.  A 
spring,  W,  between  S  and  U,  prevents  U  engaging  except  when 
compelled  to  do  bo  by  the  pressure  of  D. 

In  many  of  the  Panhard  type  gears  above  described,  the  counter- 
shaft has  been  at  the  rear  of  the  change-speed  box,  between  it  and 
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the  rear  axle.  In  the  Belgica  system,  however,  the  countershaft 
is  in  front,  and  forma  a  support  for  the  gear-box,  A  universallv 
jointed  longitudinal  shaft  connects  the  clutch  with  the  change-speed 
gear,  and  the  final  drive  is  by  side  chains. 

The  de  Dion-Bouton  three-speed  and  reverse  gear  is  on  the  lines 

ot  their  old  two-speed  gear,  and  is  fitted  to  cars  of  8  h.p,  and  less. 

It  employs  a  duplex  expanding  clutch,  which  has  been  a  feature 

of  previous  de   Dion-Bouton  gears.     The  gear  is   shown   in   longi- 

I  .-I 


Fig.  401,— De  Dicn-Bolto.n  fjiAN-OE-HPEUD  Gear. 

tudinal  section  by  Fig.  401,  and  in  cross  section  by  Fig.  402.  The 
main  shaft  A  is  directly  driven  by  the  motor  shaft,  and  carries 
two  spur-wheels,  K  F,  K  running  loosely  on  the  shaft,  while  F  is 
fast  on  it  Between  these  wheels  is  a  sliding  sleeve  pinion,  B, 
which  revolves  as  one  with  shaft  A  by  means  of  three  feathers 
The  striking  fork  3  3,  actuated  from  the  st«ering  pillar,  moves  the 
shding  pinion  B  to  three  positions  on  its  shaft:  (1)  in  mesh  with 
the  toothed  ring  C  on  the  clutch  box  C;  (2)  to  the  left,  clear 
between  the  wheels  C  and  K ;  (3)  further  to  the  left,  in  mesh 
with  internally  cut  teeth  on  the  right-hand  and  smaller  ring  B' 
of  the  loose-gear  wheel  K      The  three  speeds  and  the  reverse  are 
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obtained  by  working  a  horizontal  clutch  lever  and  a  smaller  lever, 
which  moves  on  a  three-notch  sector  placed  on  the  steering  colutnn. 
For  obtaining  the  first  speed,  the  small  lever  is  put  in  the  first 
notch  on  the  extreme  right,  and  the  gear  lever  is  pushed  forward ; 
then  pinion  B  meshes  with  the  toothed  ring  C  on  clutch  box  C, 
and  the  clutch  expands   within  the  box,  so  that  the   countershaft 
E  is  driven.     For  the  second  speed,  the  position  of  the  small  lever 
is  unimportant ;   the   clutch   lever   is   drawn  back  so  as  to  expand 
ihe   clutch  I,   in   clutch   box   H. 
The    drive    from   main    shaft   A 
then  is  conveyed  to  the  counter- 
shaft E  through  toothed  wheel 

F,  which  meshes  with  toothed  ring 

G,  tirraly  bolted  to  the  clutch 
box  H.  The  expansion  of  one 
clutch  contracts  the  other,  so 
clutch  D,  being  withdrawn  from 
contact  with  its  box  C,  and  as 
sliding  pinion  B  on  main  shait 
A  only  drives  the  gear  connected 
with  the  left-hand  clutch  box,  its 
position  can  be  disregarded  when 
the  clutch  lever  is  dra^vn  right 
back.     For   the   third   speed,  the 

small   lever  is  moved  to  No.  3       ^'*-  ''""^'^l^r^T"''-  ^''"""' 
notch  (extreme  left),  which  causes 

sliding  pinion  B  to  engage  as  a  positive  clutch  with  the 
internally  toothed  ring  B'  on  wheel  K,  so  that  K.  rotates  at 
the  same  speed  as  main  shaft  A.  Then  the  clutch  lever 
being  pushed  forward,  clutch  D  is  expanded  until  it  drives 
the  countershaft  E,  by  means  of  pinion  K,  positively  clutched 
to  shaft  A,  and  by  means  of  the  toothed  ring  L,  bolted  to  left 
of  clutch  bos  C,  the  teeth  of  the  ring  meshing  with  the  teeth 
of  pinion  K,  For  the  reverse,  the  clutch  lever  is  moved  to  its 
middle  position ;  then  neither  of  the  expanding  clutches  is  in  contact 
with  its  bos,  and  the  small  lever  is  then  moved  to  the  No.  2  or 
central  position  in  its  sector.  This  causes  sliding  pinion  B  to  sliiie 
on  shaft  A  to  a  position  between  the  wheels  C  and  K,  but  neither 
meshing  with   the  former  nor  clutching  with   the  latter.      Upon 
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the  reversing  lever  being  turned  over,  the  wide  pinion  1,  Fig.  402. 
rotating  freely  on  a  stud  on  the  rocking  arm  2,  by  the  movement, 
of  the  lever  arm  2^,  with  which  the  reversing  lever  is  connected, 
is  caused  to  engttge  with  pinion  B  and  toothed  ring  C'  on  clutch 
box  0,  so  that  when  the  clutch  D  is  expanded  by  the  forward 
movement  of  the  clutch  lever,  the  countershaft  E  is  rotated  in  a 
direction  opposite  to  that  for  forward  speeds,  and  the  car  is  driven 
backwards. 

This  new  gear  enables  the  car  in  motion  to  be  prepared  for 
any  subsequent  speed.  Assume  that  the  ear  is  running  on  its 
second  speed,  the  driver  can  move  the  small  lever  to  either  the 


first  or  third  speed  notches,  as  may  be  necessary.  When  stopped 
in  a  block  of  traffic,  he  can  move  the  small  lever  to  notch  2  on 
ihe  sector  and  turn  over  the  reversing  lever,  and  so  be  ready  to  go 
backwards  immediately  by  thrusting  the  clutch  lever  forward,  or 
to  go  forward  on  the  second  speed  by  drawing  the  clutch  lever 
backwards.  When  the  clutch  lever  is  drawn  back,  the  drive  passes 
through  the  second-speed  gearing;  thrust  forward,  the  drive  passes 
through  the  first  speed  or  the  third  speed,  according  to  whether  iho 
small  lever  is  in  notch  1  or  3  ;  and  through  the  reversing  gear  when 
the  small  lever  is  in  notch  2,  and  the  reversing  lever  is  turned  over. 

In  further  description  of  this  gear,  it  will  be  seen  from  Fig>. 
■tOl  and  402  that  the  countershaft  E  is  hollow,  and  accommodate* 
the  change-speed  rack  E',  suitably  connected  to  the  clutfh  lever 
referred  to  above,  and  by  its  means  moved  in  and  out  of  the  gejir 
case,   so   that    the    coarse    pitched   square    thread   E'   serves  as  a 
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rack  to  rotate  the  spindles  D^,  also  its  rotation  adjusts  one  or 
both  of  the  expanding  clutches  D;  I  in  relation  to  the  inner 
surfaces  of  their  respective  clutch  boxes.  The  rack  is  prevented 
from  rotating  normally  by  a  locking  bolt,  N,  which  drops  into  the 
uppermost  of  two  slots  formed  on  opposite  sides  of  the  rack,  and 
indicated  by  the  dotted  lines.  When  desired,  bolt  N  is  raised  clear 
of  the  slot  by  the  pivoted  lifting  trigger  at  its  upper  end.  The 
gear  box  is  in  two  parts,  M  M^  flanged  and  bolted  together.  The 
differential  gear  case  M^  also  is  flanged  and  bolted.  The  right- 
hand  end  of  the  hollow  countershaft  E  runs  in  the  double  ball- 
bearing R,  and  beyond  this  bearing  carries  the  driving  bevel 
pinion  P,  which  is  drilled  taper,  and  is  keyed  with  feathers  to  the 
tapered  end  of  the  countershaft  by  a  large  nut.  The  double  ball- 
bearing R  is  carried  in  a  disc,  Q,  secured  between  the  flanges  of 
the  gear  box  M^  and  the  differential  case  M-. 

The  three-speed  and  reverse  gear  employed  on  the  10-h.p.  de 
Dion-Bouton  cars  closely  resembles  the  above,  but  it  contains  more 
parts  (see  Fig.  403).  The  first-motion  shaft  A  lies  above  the 
second-motion  shaft  B,  the  latter  transmitting  power  to  the  differen- 
tial by  means  of  the  bevel  wheels  shown  to  the  right.  The 
differential  shaft  occupies  the  centre  of  the  big  bevel  wheel  The 
shaft  B  carries  two  expanding  clutches,  whose  expanding  portions 
do  not  slide  along  the  shaft,  but  the  shells  K,  L,  M  and  O,  with 
all  the  spur-wheels  on  both  of  the  shafts,  can  be  moved  longitu- 
dinally together.  When  moved  forward  to  the  left,  the  clutch 
shells  L  and  0  are  brought  outside  the  expanding  clutch  members, 
but  when  moved  backward,  the  expanding  members  will  be  inside 
the  shells  K  and  M.  Each  spur-wheel  is  in  mesh  with  a  spur- 
wheel  on  the  second-motion  shaft.  One  controlling  lever  operates 
the  clutches,  and  another  slides  the  gear  wheels  backwards  or 
forwards  in  the  box.  When  shell  K  is  made  rigid  with  the  second- 
motion  shaft,  the  reverse  gear  comes  into  use,  an  intermediate 
pinion  connecting  the  spur-wheels  on  the  two  shafts.  By  holding 
the  shells  M,  L  and  D,  the  first,  second,  and  third  speeds  respec- 
tively are  brought  into  use.  A  band  brake,  V,  is  fixed  outside 
the  gear  box  on  the  forward  end  of  the  second-motion  shaft.  The 
power  is  transmitted  from  motor  to  gearing  by  a  longitudinal  shaft 
with  flexible  couplings,  and  from  the  gearing  to  the  rear  wheels  by 
Cardan  axles. 
A  A  2 
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The  R.  de  Metz  speed-changing  apparatus,  Figs.  404  to  406,  was 
applicable  to  light  cars  and  motor  cycles.  The  motor  shaft  A  has 
screwed  to  its  end  the  piece  B  containing  channels  which  convey  oil 
from  the  lubricator  H  to  the  various  parts.  Keyed  on  B  is  clutch 
coupling  C,  which,  by  moving  the  fork  R,  the  driver  can  isolate 
for  disengagement,  bringing  it  successively  into  contact  with  pinions 


Figs.  404  and  405,— SiCTioNB  of  M>n  t 

SFIBD    GlAH.       Fig..  406.— COLLAB  FOB 
DlHCLTIFLtCATOB. 


D  and  E  for  slow  and  full  speed  respectively.  When  it  gears  with  E, 
the  motion  of  the  shaft  A  is  transmitted  directly  to  pinion  K 
mounted  on  the  same  hollow  shaft  as  pinion  K  When,  on  the 
contrary,  the  coupling  C  forms  one  with  the  pinion  B,  the  latter  drives 
pinion  E  by  aid  of  the  large  pinion  U'  under  pinion  Q,  both  of  thew 
being  keyed  on  the  shaft  M,  thus  driving  pinion  K  also;  but  molion 
is  transmitted  only  after  undergoing  two  demultiplications.  Fig.  W- 
represents  the  collar  by  means  of  which  the  demultiplicjitor  is  fij«i 
to  the  big  tube  behind  the  tricycle  at  the  required  point  in  the 
transversal  direction.     Regulation  in  height  is  operated  by  aid  of  a 
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(loveUil  piece   governed   by  the  screw  I,  shown  at  the    base    of 
Fig.  404. 

Of  the  Ariel  two-speed  gear  for  tricycles  and  quads,  Fig.  407  is  an 
elevation,  Fig.  408  a  section,  and  Fig.  409  a  view  of  the  lever  for 
changing  gear.  A  is  the  motor  shaft,  a  square  portion  of  which  carries 
a  clutch  sleeve,  B.  Two  pinions,  C  and  D,  revolve  freely  on  the  shaft, 
or  either  can  be  held  at  will  by  the  sleeve  B,  by  means  of  jaw  clutchea 
Parallel  with  the  motor  shaft  A  is  a  countershaft  E,  carrj'ing  pinions 


Figt.  407  to  409. — AsiBL  TfttcTCLB  Chakoi-cpbbd  Geak. 

F  and  G,  both  keyed  to  the  same  sleeve,  which  revolves  freely  on  the 
countershaft,  the  two  pinions  F  and  G  being  always  in  mesh  with 
pinions  C  and  D  on  shaft  A,  the  pinion  C  driving  a  laige  spur  wheel 
on  the  axle  of  the  tricycle  or  quadricycle.  It  wHl  be  seen  when  the 
sleeve  B  holds  pinion  C  the  motor  is  driving  direct  on  to  the  lai^e 
spur  wheel  on  back  axle ;  this,  being  the  largest  pinion,  therefore 
gives  the  high  speed.  By  connecting  pinion  D  to  the  motor  shaft  A 
by  means  of  sleeve  B  pinion  C  revolves  freely  on  shaft  A,  but  is 
<lriven  by  D,  through  F  and  G,  thus  giving  the  slow  speed.  When 
sleeve  B  is  raidway  between  the  pinions  C  and  D  the  motor  itself  is 
disconnected,  so  that  the  machine  can  run  down  hill  by  the  force  ot 
j^ravity  alone,  and  will  leave  the  motor  free.  All  the  pinions  being 
I'onstantly  in  mesh,  it  is  an  easy  matter  to  chansro  the  gear,  pinions 
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C  nnd  D  running  only  at  a  slight  variation  of  speed     In  Fig.  409  is 

shown   the  lever,  J,  for  changing  gear,  which  is  fitted  to  left  front  of 

top  tube  on  the  cycle  frame.     In  its  upright  position,  as  shown,  the 

motor  is  out  of  gear.     Moving  the  lever  J  to  the  front  notch  engages 

the  high  gear,  and  the  reverse  movement  the  low  gear.     The  lever  J 

moves  the  rod  K  (shown  in  Fig.  407  and  continued  in  Fig.  409),  which 

in  its  turn  shifts  the  bell  crank  L,  working  on  a  stud  on  the  lower 

central  frame  tube.    L  transmits  the  movement  to  M,  which  in  its 

turn  shifts  the  arm   pillar  N  in 

the  socket  O.     The  short  striker 

at   the    base    of    N    moves    the 

clutched    sleeve    B  to   right  or 

left,  as  required. 

The  Protos  (German)  change- 
speed  gear  is  shown  in  plan   It 
Fig    410.      The    short    shaft    A 
carries  one  member  of  the  fric- 
B  tion  clutch,  and   the    final  drive 

is  by  chain  from  the  sprocket  I' 
to  a  sprocket  ring  surroundinir 
the  difi'erential  on  the  live  rear 
axle.  The  gear  gives  two  forward 
and  two  reverse  speeds.  TLe 
short  shaft  A  ends  in  a  SDiaiJ 
bevel,  shown,  and  this  drives  in 
opposite  directions  the  two  larger 
Fig.  4io.-PH<.Toi,  Ckanoe-spew  t^^els  which  are  quite  free  on 

Grar.  the  first-motion  shaft  B.    On  the 

shaft  between  the  bevels  is  a  twc^ 
way  jaw  clutch,  working  on  a  feather  key,  and  this  clutch  can  be 
slid  to  right  or  left  to  engage  with  jaws  carried  by  the  bevels,  so 
as  to  lock  either  bevel  to  the  shaft.  Thus,  by  locking  one  bevet 
the  shaft  rotates  in  a  certain  direction,  and  on  locking  the  other 
and  releasing  the  first,  the  shaft  rotates  in  the  opposite  direction. 
Outside  each  bevel,  and  fixed  to  the  shaft  B,  is  a  spur-wheel 
meshing  with  a  corresponding  wheel  on  the  second-motion  shaft  (-■ 
The  second  set  of  spur-wheels  can  be  slid  in  and  out  of  engage- 
ment by  a  hand  lever.  The  second-motion  shaft  C  carries  a  cGntral 
drivinij  sprocket,  D,  which  provides  for  the  chain  drive  to  the  live 
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rear  aile,  as  mentioned  above.  Thus,  when  the  shaft  A  is  being 
driven  by  the  motor,  the  shaft  E  can  be  made  to  rotate  in  either  the 
forward  or  reverse  direction.  Both  of  its  spur-wheeU  revolve  with  it. 
and  for  the  lower  speed  the  two  left-hand  wheels  are  caused  to  gear 
with  each  other,  and  for  the  higher  speed  the  two  right-hand  wheels. 
Then  the  sprocket  D  transmits  the  motion. 

The  Montauban-Marchandier  block  transmission  devices  are  of  a 
form  that  facilitates  mounting  of  the  car.  The  three-speed  block- 
transmission  gear  (Fig.  411)  has  inside  an  aluminium  case  five  pairs 


of  toothed  wheels,  which  give  three  speeds  and  retrograde  motion. 
The  shaft  A,  united  to  the  motor  by  a  sleeve,  has  four  toothed  wheels, 
C.  D,  E,  F,  gearing  with  four  wheels,  G,  H,  I,  J,  loose  on  shaft  B, 
which  is  parallel  with  A ;  B  also  has  two  tenon  sleeves,  X,  which 
move  laterally  under  the  action  of  forks  worked  by  a  curve  traced  on 
a  roll,  M,  which  in  one  revolution  causes  alternate  displacement  of  the 
forks,  and  consequently  of  the  tenon  sleeves.  The  tenon  sleeve  that  is 
pushed  to  the  right  or  left  comes  into  contact  with  the  sockets  of  the 
wheel  towards  which  it  is  pushed,  and  thus  renders  it  interdependent 
with  the  shaft  B  at  the  speed  corresponding  to  the  relation  of  the 
wheels  of  the  couple  thus  engaged,  the  other  wheels  turning  loose  on 
shaft  B.  For  retrograde  motion  the  wheel  F  gears  with  an  inter- 
mediary pinion  L,  keyed  on  the  hub  of  a  second  pinion  K,  which  is 
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geared  with  wheel  J,  these  two  pinions  reversing  direction  of  rotation 
of  wheel  J.  The  shaft  of  roll  M  is  prolonged  to  the  right  and  left 
according  to  the  installation,  and  carries  a  pinion  with  which  gears 
either  a  toothed  sector  or  a  rack  worked  by  the  driver  by  aid  of  a 
hand  lever.     The  enclosed  gear  works  in  an  oil  bath. 

The  Montauban  and  Marchandier  four-speed  gear  (Fig.  412)  has 
an  aluminium  case  containing  three  shafts :  the  first  one,  A,  is  a 
prolongation  of  the  motor  shaft,  and  the  second  shaft,  B,  is  parallel 
to  the  axle  of  the  driving  wheels,  and  is  furnished  with  two  loose  bevel 
wheels,  C  D,  moved  by  a  third  wheel,  E,  forming  one  with  the  shaft 
A.  These  three  wheels  turn  as  long  as  the  friction  clutch  is  tightened 
Between  the  two  wheels  C  D,  furnished  with  sockets,  is  a  sliding 
sleeve  which  has  tenons  running  along  shaft  B,  and  according  as 
these  tenons  enter  the  wheel  to  the  right  or  the  left  forward  or 
backward  motion  is  obtained.  On  each  side  of  the  bevel  wheels  C  D, 
and  on  the  same  shaft  B,  the  keyed  spur  wheels  F,  G,  H,  I,  gear 
respectively  with  J,  K,  L,  M,  and  give  four  speeds.  Between  each 
couple  of  wheels  J  K,  and  L  M,  mounted  loose  on  the  differential  case 
which  covers  shaft  P,  and  entrained  by  them,  is  a  sleeve  pushed  to 
the  right  or  to  the  left ;  on  the  wheels  are  corresponding  sockets. 
The  lower  shaft  P  is  in  two  parts,  and  constitutes  the  differential  N, 
which  is  enclosed,  automatically  and  copiously  lubricated,  and  protected 
against  dust.  Each  part  of  this  shaft  P  is  prolonged  on  either  side  of 
the  block  (passing  through  compressed  leather  boxes  retaining  the 
oil),  and  has  a  sprocket  wheel  at  its  extremity,  or  in  some  cases  an 
ordinary  toothed  wheel,  which  definitely  transmits  motion  to  the  rear 
driving  wheels.  Each  tenon  sleeve  is  entrained  by  a  fork  worked  bv 
a  special  curve  fixed  on  cylinder  0,  on  which  are  three  curves  causing 
successive  gearing  and  ungearing  of  each  couple  of  wheels.  Less 
than  one  revolution  suflSces  to  pass  from  stoppage  to  the  greatest 
speed,  then  stop  and  run  backwards.  The  driver  works  the  cylinder 
by  aid  of  a  rack  and  pinion  and  hand  lever  or  other  simple  meansw 
All  the  gear,  shafts,  etc.,  run  in  oil. 

The  Pretot  fore-carriage  introduces  quite  a  different  system  from 
ordinary  toothed  gear  transmissions.  In  Figs.  413  and  414  a  is  a 
motor  shaft,  or,  more  rarely,  a  secondary  shaft  connected  with  the 
motor  shaft  by  toothed  gearing  or  belt,  giving  a  first  reduction  of 
speed  which,  moreover,  is  constant  Wheel  A  is  keyed  upon  it,  and 
if  toothed  it  imparts  the  motor  shaft  motion  to  shaft  a,  which  m  that 
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case  is  secondar)'.  Each  of  the  four  wheel  naves  receives  an  axle  b 
parallel  with  the  shaft  a  and  Interdependent  with  a  planctarj'  pinion 
B  gearing  with  the  toothed  nave  C,  loose  on  the  central  axle.  This 
nave  forma  one  with  a  pinion  carrying  the  endless  chain  which 
imparts  motion  of  crown  wheel  A  to  the  differential.  For  this  latter 
purpose  a  set  of  pinions  is  keyed  on  each  axle  h,  all  cast  on  1,  2,  3,  4 
respectively  gearing  with  loose  wheels  on  shaft  a ;  though  these  last 
can  be  in  turn  immobilised  by  bands  forming  brakes  around  discs  D, 
which  form  one  with  the  wheels.  Four  cams,  E,  are  each  placed 
opposite  discs  D  and  fixed  on  a  lateral  shaft  which  can  be  turned  by 
8  of  a  toothed  pinion  and  rack.     These  cams  tighten  the  brakes 


Fifca,  113  and  114.— PafTOT  Touthed  Tbanbhissios  Gbau. 

b)'  aid  of  the  device  shown  to  the  left  of  Fig.  413.  When  one  of  the 
wheels  is  thus  fixed,  while  wheel  A  turns  and  drives  axle  h,  the  pinions 
geared  with  this  wheel  also  will  turn  and  cause  rotation  of  pinions  B, 
nave  C,  and  the  endless  chain  pinion.  Suppose  that  gear  3  is  en- 
gs^od ;  as  represented  by  Fig.  414,  its  wheel  is  larger  than  nave  C  and 
its  pinions  are  smaller  than  pinions  D  ;  when  wheel  A  turns  in  direc- 
tion of  the  arrow  (Fig.  413)  (forward  motion)  the  nave  C  will  be  driven 
in  the  same  direction  with  a  speed  proportional  to  the  difference  of 
the  number  of  teeth  ot  the  wheels  on  the  same  axles.  The  same 
result  is  obtained  when  gear  4  is  brought  into  action,  the  car  then 
running  forward,  but  with  greater  speed  than  before.  In  gear  2,  the 
wheel  antl  pinion  of  which  are  of  the  same  diameter  as  C  and  B 
respectively,  there  is  no  difference  between  the  number  of  teeth  of  the 
wheels  on  the  same  axles  ;  nave  0  remains  motionless  and  the  car  is 
st<^pped.     Finally,  when  wheel  1  is  geared,  its  diameter  being  less 
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than  that  of  C,  wheel  A  continues  to  rotate  in  the  direction  of  the 
arrow,  whilst  the  nave  C  is  driven  in  the  opposite  direction ;  then  the 
car  moves  backwards.  Mere  displacement  of  the  rack,  which  causes 
rotation  of  the  shaft  of  cams  E,  thus  gives  changes  of  speed,  stoppage, 
and  reversing  of  motion 

In  the  Louet  change- speed  system  the  gear  wheels,  instead  of  sUding 
into  mesh,  engage  directly  on  the  face  of  the  teeth.  A  gear  wheel,  B 
(Fig.  415  and  416),  is  driven  by  the  three-cylinder  vertical  motor,  and 
above  it  is  the  gear  wheel  C,  mounted  upon  the  countershaft,  the 
wheel  centres  being  in  one  vertical  plane.  On  one  side  is  another 
gear  wheel,  D,  The  change-speed  change  wheels  D,  E,  F,  G  and  the 
reversing  pinions  H  are  carried  in  a  frame  sliding  lengthwise  in  the 
gear  box  A,  and  are  actuated  by  the  usual  side  lever.  At  the  top  of 
the  box  the  pawl  J  falls  into  ^  notch  in  the  frame,  and  locks  the 
gears  in  position  until  a  change  is  required  For  each  speed  there 
are  two  unequal  wheels,  excepting  F,  which  is  double  the  width  of  the 
others.  The  first  speed  is  obtained  by  the  driving  wheel  B  gearing 
into  the  small  wheel  of  D,  whose  larger  wheel  drives  C.  The  shaft 
of  C  carries  the  differential  gear  and  side  chain  sprockets.  The 
second  and  fourth  speed  gears  E  and  G  operate  in  the  same  way, 
but  the  third  speed  wheel  F  slides  directly  in  between  B  and  C, 
whose  ratio  is  not  thereby  altered.  For  the  reverse  pinions  H  are 
slid  into  mesh  with  B  and  C. 

The  Meran-Gervais  change-speed  gear  is  novel.  Various  g&xt 
trains  are  mounted  upon  a  disc  which  can  be  rotated  about  its 
axis.  The  motor  shaft  and  the  driving  shaft  are  in  line,  and  on 
their  inner  ends,  which  face  each  other,  are  jaw  clutches  Avhich  can 
be  brought  nearer  to,  or  taken  farther  away  from,  one  another  by 
a  vertical  handle  operated  by  the  driver.  These  jaw  clutches  fii 
into  similar  clutches  carried  by  the  various  gear  trains  on  the 
rotating  disc ;  and  by  the  means  of  this  disc  any  desired  train  can 
be  introduced  between  the  forward  end  of  the  motor  shaft  and  the 
rear  end  of  the  driving  shaft.  A  direct  through-drive  on  the  lop 
speed  is  obtained  by  substituting  for  a  gear  train  a  short  shaft  having 
a  jaw  clutch  at  each  end ;  this  short  shaft  is  carried  by  the  rotating 
disc  and  brought  into  action  in  the  same  w^ay  as  the  gear  trains. 
It  will  be  understood  that  the  top-speed  drive  is  through  the  motor 
shaft ;  first,  jaw  clutch,  short  disc-carried  shaft ;  second,  jaw  clutch, 
main    driving   shaft,   and    thence    through    bevel    gearing    to    the 
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diflerential  on  the  live  rear  axle.  The  arrangement  of  the  diflferential 
for  varying  the  gear  ratio  between  road  wheels  and  motor  is  another 
new  feature.  The  diflerential  gear  casing  is  so  arranged  that  the 
contained  gear  and  the  bevel  wheels  that  drive  the  axle  can  be 
bodily  removed.  Two  short  shafts,  not  the  actual  axle,  are  driven 
by  the  diflBrential,  and  these  carry  spur-wheels  close  up.  The  two 
halves  of  the  live  axle  terminate  inside  the  central  casing,  and  their 
ends  carry  other  spur-wheels  which  mesh  with  those  on  the  short 
shafts.  All  these  spur-wheels  are  easily  removable,  so  that  they  can  be 


Figs.  415  and  416. — Louet  Chanos-sfbed  Geau. 

replaced  with  wheels  of  different  proportions  and  the  gear  ratio 
thereby  changed.  This  convenience,  of  course,  involves  extra  friction 
losses  consequent  upon  the  introduction  of  the  four  extra  gear- 
wheels. 

The  Swift  two-speed  gear  is  shown  by  Fig.  417.  The  motor  drives 
a  small  spur-wheel  in  mesh  with  a  larger  one,  this  forming  the 
simplest  possible  speed-reducing  gear,  and  the  shaft  of  the  second 
spur-wheel  drives  a  longitudinal  shaft  through  a  friction  clutch 
and  universal  joint.  The  change-speed  gear  is  wholly  mounted 
around  the  live  rear  axle  I,  and  is  enclosed  in  an  aluminium  casing, 
A.  The  short  shaft  P  is  driven  as  described  by  the  motor,  and  it 
terminates  in  a  bearing  in  the  central  casting,  which  rides  freely 
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about  the  rear  axle,  this  latter  being  solid  from  end  to  end.  The 
casing  A  is  in  two  parts,  and  is  rigid  with  the  tubes,  which  pass 
from  it  to  each  of  the  brackets  carryii^  the  rear  springs;  inside 
these  tixed  tubes  the  live  axle  runs  freely.  On  the  driving  shaft  P 
are  mounted  freely  two  small  bevel  wheels,  R,  T,  and  either  can  be 
made  fast  to  it  by  means  of  a  two-way  jaw  clutch,  S,  operated  by  a 
lever.  A  ball-thrust  bearing,  L,  on  the  shaft  takes  the  thrust  of 
the  bevel  wheels  R,  T ;  these  two  always  mesh  with  the  larger  bevels 


Fig.  *17. — SwipT  Chikcb-bpbbd  Ueah. 

0  D  respectively,  and  D  is  r^d  with  the  live  asle  I.  When  lUo 
bevel  R  is  clutched  to  shaft  P  it  drives  C,  and  gives  a  low  speed 
When,  however,  T  is  clutched  to  the  driving  shaft,  the  wheel  D  is 
driven,  and  the  high  speed  obtained.  A  differential  is  dispensed 
with ;  instead,  in  the  hub  of  each  wheel  is  a  pawl  and  ratchet 
device ;  these  spring  pawls,  carried  by  the  wheel,  engage  in  internal 
ratchet  teeth  in  a  casting  keyed  to  the  axle,  and  serve  to  transmit 
the  power  to  the  wheels,  and  there  is  no  difficulty,  when  tumii^  » 
corner,  for  the  pawls  of  one  wheel  to  over-ride  the  ratchet  teeth. 
This  gives  a  free-wheel  action  to  the  car,  which  can  obtain  a  greater 
speed  downhill  than  the  motor  alone   could  give.     This  construction 
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has  the  advantage  of  rigidity  and  cheapness,  but  the  brakes  on  the 
wheels  must  be  thoroughly  reliable. 

This  gear  also  provides  a  means  of  communicating  the  motion 
of  the  starting  handle  to  the  motor,  and  a  means  of  reverse  motion. 
The  starting  handle  fits  a  shaft,  H,  which  revolves  in  bearings  G,  K, 
the  starting  clutch  being  shown  at  F.  Toothed  gears  N,  O  transmit 
the  motion  to  the  motor  through  shaft  P.  whilst  the  driving  pinions, 
R  T,  are  of  course  out  of  gear.  For  reverse  motion,  the  shaft  P 
drives  H,  through  pinions  N  0,  and  pinions  67  and  67a  take  the 


Fig.    418.  — WttBOS    AMD    FiLCHER   ThANHMCSSIOS    4ND   ChaKOB-BPEBD     GeAK. 

motion  to  short  shaft  E,  which  revolves  in  bearings.  The  bevel 
pinion  68  is  free  on  this  shaft,  but  when  the  reverse  is  required  it 
is  clutched  to  it  by  means  of  the  clutches  61  and  61a,  and  lover 
60,  60a,  The  forward  speed  clutch  S  is  put  out  of  engagement, 
and  the  axle  i.s  then  driven  in  the  reverse  direction,  for  though 
shafts  E  and  P  revolve  in  the  same  direction,  the  bevel  pinion  68 
i^  at  the  other  side  of  the  centre  to  the  pinions  R,  T,  The  locknut 
to  the  outer  bearing  of  shaft  E  is  shown  by  69,  whilst  B  is  the 
ball  race  for  the  driven  axle.  This  isa  particularly  neat  and  simple 
ilevice,  well  adapted  for  light  cars  with  live  rear  axles. 

The  Wilson  and  Pilchor  transmission  gear  diHers  from  any  other 
modern  transmission  system.  It  is  shown  in  diagram  by  Fig.  4iy,  which 
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represents  the  four  pistons  of  the  horizontal  balanced  motor  (j^-? 
p.  270)  driving  a  crank  shaft,  which  is  in  the  line  of  the  power  trans- 
mission when  the  car  is  running  on  the  top  (fourth)  speed.  K  shovg 
the  main  clutch,  whilst  M  and  N  are  boxes  containing  respectively 
the  first  and  second  speed-reduction  gears,  which  are  new  devices 
based  on  the  combination  of  a  friction  clutch  with  the  epicycloidal  or 
Crypto  gear.  Box  M  gives  the  third  speed,  that  is,  the  first  reduction 
of  speed  from  the  top  speed  (at  which  there  is  a  direct  through-drive), 
Box  X  gives  the  second  speed.  The  lowest  speed  is  obtained  by 
combining  the  actions  of  the  gears  in    the  two  boxes.     Speed  is 


Fig.  419.— Jahks  urn  BsowH  Chamoi-spud  6ias. 

changed  without  withdrawing  the  main  clutch.  The  letter  references 
in  Fig.  418  may  now  be  explained.  Dealing  with  the  motor,  A  shows 
the  four  cylinders ;  B  the  cranks  with  their  shaft  carrj-ing  the  very 
big  and  heavily  rimmed  fly-wheel,  C,  with  rakiDg  arms;  D  is  the 
starting  handle ;  E  carburetter  ;  F  commutator ;  G  helical  gear  drive 
to  pumps;  H  lubricating  oil  pump:  and  J  water  pump.  With 
regard  to  the  transmission  gear,  K  is  the  main  clutch ;  L  tbe 
universally  jointed  driving  shaft ;  M  and  N  first  and  second  speed- 
reduction  boxes  with  adjustment  bolts,  O,  and  further  adjustnicnl 
screws,  P  (the  main  clutch  is  adjusted  by  screw  Q) ;  R  is  the  l>eve! 
{>inion  on  the  driving  shaft  engaging  with  either  the  forward  spe*d 
level  S  or  reverse  speed  bevel  T,  which  surround  the  differentia! ; 
U  and  V  are  the  roller  bearing  for  the  bevel  pinion  R.    The  speed- 
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changing  quadrant  is  shown  at  W,  and  from  this  there  is  a  cbnnection 
to  the  lever  X,  which,  by  throwing  bevel  S  out  of  gear  with  the 
pinion  R,  and  putting  bevel  T  in  gear  with  the  pinion,  causes  reverse 
motion.  The  steering  gear  and  connecting  rod  are  shown  by  Y. 
With  regard  to  the  brake  system,  Z  is  the  brake-shaft  with  connec- 
tions Z  A  to  the  side  drums  Z  B ;  the  internal  brake  drum  is  shown 
by  Z  C,  and  its  actual  pedal  by  Z  D,  which  has  a  connecting  lever, 
Z  EL     There  is  an  automatic  clutch  release,  Z  F,  to  the  brake  action.. 

The  Bardon  transmission  necessarily  diifers  from  usual  practice 
owing  to  the  employment  of  a  balanced  motor,  whose  countershafts, 
one  on  each  side,  run  parallel  with  the  side  members  of  the  frame. 
Each  shaft  terminates  in  a  bevel  gearing  with  a  common  counter- 
shaft (In  Fig.  716,  p.  666,  F  is  the  crankshaft  and  G  the  first- 
motion  shaft,  and  the  following  letters  refer  also  to  this  figure.)  A 
special  toggle  device  operates  a  double-cone  clutch,  H,  carried 
by  the  first-motion  shaft.  This  clutch  has  four  friction  surfaces, 
and  is  arranged  so  as  not  to  impose  thrust  sti^ins  on  the  shaft. 
The  clutch  causes  a  sleeve,  carrying  the  sliding  gear  wheels,  to 
become  rigid  with  the  countershaft,  or  stationary  about  it.  The 
second-motion  shaft,  J,  which  chain-drives  the  road  wheels,  carries 
the  differential,  whose  outer  portion  is  rigid  with  four  spur-wheels, 
and  which  has  a  sleeve  passing  to  the  brake  drum,  K ;  the  spur- 
wheels  mesh  with  others  on  the  first  shaft,  G.  The  sliding  gears  are 
operated  by  two  independent  sliding  rods. 

The  James  and  Browne  transmission  and  engine  gear  form  one 
independent  piece  of  mechanism.  The  motor  has  two  horizontal 
cylinders  in  the  front  of  the  car,  and  the  connecting  rods  A  (Fig.  419) 
work  the  crank  shaft  B,  on  which  is  the  fly-wheel  C.  N  shows  the 
combustion  chambers  and  motor  cylinders,  and  S  the  crank  chamber. 
The  overhang  cranks  D  are  parallel  with  each  other.  Thus  the 
fly-wheel  C  and  the  buffoline  spur-wheel  E  are  between  the  cylinders. 
A  composite  aluminium  case  T  encloses  the  crank  chamber  and  change- 
speed  gear.  The  first-motion  shaft  F  is  driven  through  a  special 
clutch,  G  (see  p.  372),  by  spur-wheel  H  meshing  with  the  buffoline 
wheel  £.  On  one  side  of  the  clutch  are  the  first  and  third  speed 
sliding  wheels  J,  K,  which  can  be  made  to  engage  with  J^  and  K» 
respectively;  on  the  other  side  are  the  second  and  fourth  speed 
wheels  L,  M,  engaging  when  required  with  D,  W  respectively.  The 
driven  wheels  mentioned  are  carried  on  sleeve  0  of  countershaft 
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F,  this  sleeve  being  connected  to  the  differential  casing  and  brake 
drum  Q.  For  reversing,  the  iutermediiito  spur-wheel  R  can  be 
brought  in  play.  Outside  the  gearing  on  the  countershaft  are 
couplings  and  sprockets,  the  latter  chain-driving  the  rear  road 
wheels.  Mitre  wheels  U,  on  the  crank-shaft  B,  drive  the  shaft 
V,  on  which  is  the  motor  governor  W,  and  which,  by  spur  gearinj; 
X,  drives  the  cam  shaft  Y;  on  this  shaft  is  the  exhaust  cam,  V, 
the  inlet  earn,  W',  and  the  commutator  Z. 

In  the  Hermes  transmission  gear,  the  crank-shaft  lies  transversely, 
and   the  fly-wheel   is   in  nearly   the   centre  of  the  car.     The  usual 


Fif.  1-20.— Oi, 

cone  clutch  transmits  the  power  through  a  flexible  coupling  to  the 
first-motion  shaft,  _  which  is  in  the  same  horizontal  plane  as  Ui*' 
second-motion  shaft.  The  wheels  on  the  former  are  rigid  with  ii, 
and  those  on  the  latter  are  mounted  freely,  but  the  shaft  is  so  shaped 
by  slotting  that  any  one  of  the  wheels  can  be  made  rigid  with  ii 
by  sliding  it  along :  and  for  this  purpose  the  hubs  of  the  jsaf' 
wheels  have  spring  catches,  which  engage  with  slots  in  the  shaft 
The  gear-wheels  are  always  in  mesh.  The  dift'erential  gear  i< 
mounted  on  the  inner  end  of  the  second-motion  shaft,  and  is  noi 
enclosed  in  the  change-speed  gear  box ;  its  casing  is  driven  by  'hi-' 
second-motion  shaft.  At  each  side  of  the  differential  is  «  sprockei, 
and  a  chain  passes  from  each  to  the  two  halves  of  a  live  rear  axV 
The  size  of  the  differential  and  the  strtiins  imposed  upon  it  "K 
reduced  by  this  arrangement  {see  also  Fig.  724,  p.  Ii77). 
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The  Oldsmobile  transmission  and  change-speed  gear  is  of  the 
epicyclic  type,  and  is  out  of  the  usual  run,  as  shown  by  Fig.  730,  p.  682. 
The  low  speeds  are  obtained  by  tightening  a  band  brake  around  one 
member  of  the  epicycUc  gear,  and  a  direct  through-drive  on  the  top 
speed  is  obtained  by  clutching  the  epicychc  mechanism.  A  chain 
drives  the  differential  on  the  live  rear  axle.  Perhaps  the  arrangement 
is  made  clearer  by  Fig.  420.     In  this  A  and  B  are  the  enclosed  crank 
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Fig.  421.— Delahave  Tkansmishion  and  Chaxoe-spbed  Gear. 


chamber,  and  C  the  motor  crank  shaft.  This  shaft  has  two  epicyclic 
gears,  which  are  brought  into  action  by  band  brakes  D  and  E,  which 
hold  the  normally  rotating  drums  containing  internal  racks.  The 
right-hand  one  D  gives  the  low  speed,  and  the  left-hand  one  E  gives 
reverse  motion.  By  means  of  a  clutch  on  the  shaft,  these  revolve  as 
one  when  required  and  give  the  highest  speed.  The  clutch  is  operated 
by  a  bell-crank  lever  F,  which  causes  the  sliding  sleeve  G  to  force 
four  bell-crank  levers  against  the  arms  H,  carrying  friction  pads  G, 
gainst  the  drum  K.  These  three  speeds  are  obtained  consecutively 
by  a  hand  lever  L,  which  rotates  the  shaft  M  about  its  axis.    The 
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shaft  operates  the  clutch  and  the  band  brakes  by  cams,  the  connec- 
tion of  the  two  of  these  with  their  band  brakes  being  through 
telescopic  fittings  N,  the  cams  tightening  the  two  sides  of  the  band 
brakes  in  this  manner.  The  driving  chain  connects  a  centrally 
placed  sprocket,  with  a  corresponding  wheel  on  the  live  rear  axle 
differential  gear.  The  additional  brake  drum  O  is  rigid  with  the 
driving  portion  of  the  two  epicyclic  gears  and  with  the  chain 
sprocket,  and  is  fitted  with  a  band  brake  operated  by  the  pedal  Pi 
through  rod  Q.  The  rectangular  frame  R  is  rigid  with  the  triangular 
supports  S,  which  carry  the  gear-operating  shaft  M ;  it  is  secured  to 
four  leaf  springs,  which  pass  from  each  side  of  it,  at  front  and  at  rear, 
to  the  two  axles.  In  Fig.  420  T  shows  the  motor  fly-wheel  mounted 
on  shaft  C. 

The  transmission  of  the  Hagen  petrol  lurry  consists  of  a  link 
motion,  which  imparts  a  varying  motion  to  rods  which  drive  the 
differential  on  the  live  rear  axle  through  reciprocating  clutches  acting 
alternately,  one  driving  whilst  the  other  nms  free.  Link  mechanism. 
operated  by  a  hand  wheel  from  the  driver's  seat,  varies  the  gear  ratio 
by  adjusting  the  throw  given  to  the  driving  rods.  This  gives  a 
smooth  progressive  change  of  speed  from  minimum  to  maximum, 
and  is  a  suitable  arrangement  for  heavy  lurries. 

Delahaye  cars  with  horizontal  motors  employ  a  system  of  trans- 
mission in  which  both  belts  and  toothed  gear  are  used.  As  shown 
in  Fig.  421,  the  gear  is  grouped  on  the  differential  shaft  A,  tho 
three  pulleys  B,  C  and  D  being  belt-driven  from  the  driving  drum 
E  on  the  motor  shaft.  The  middle  pulley  C  runs  free  and  serves 
for  disengagement ;  the  outer  one  D  is  keyed  on  the  differential, 
and  at  top  speed  gives  a  direct  through-drive  from  motor  to  road 
wheels ;  the  inside  pulley  B  also  drives  the  differential  and  is  a 
part  of  the  change-speed  gear.  There  are  the  usual  sliding  gear 
wheels  for  forward  and  reverse  motion,  operated  by  rod  F  and 
crank  G.  The  differential  shaft  drives  the  road- wheels  H  bv  chains, 
J.     K  is  the  usual  band  brake. 

The  Pick  transmission  is  another  example  of  mixed  belt  and 
toothed  gear.  Outside  the  motor  fly-wheel,  which  is  close  up  to 
the  crank  chamber  and  on  the  same  shaft,  is  placed  a  wide  puDcy 
drum,  which  belt-drives  a  countershaft  carried  behind  the  live  rear 
axle.  On  this  countershaft  are  fast  and  loose  pulleys  :  also  it  carrier 
spur-wheels    which   mesh  with  others  on    the    differential    casini: 
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Two  forward  speeds  are  obtained  by  jaw  clutches,  which  render 
either  of  the  piniona  rigid  with  the  countershaft ;  for  reverse  motion, 
a  sprocket  wheel  is  clutched  in  the  same  way  to  the  countershaft, 
a  cbaiD  passing  from  it  to  the  dift'erential.  On  some  Pick  cars  a 
Panhard  type  gear  is  used. 

The  Prinms  transmission  is  a  third  example  of  the  combination 
of  belts  and  gear  wheels.  The  crank  shaft  lies  across  the  ear,  and 
carries  fast  and  loose  pulleys,  from  which  a  belt  drives  the  first- 
motion  shaft  of  the  change-speed  gear.  Upon  the  first-motion 
shaft  are  mounted  spur  wheels,  and  these  can  mesh  with  others 


mounted  upon  sleeves  rigid  with  the  shell  of  the  diiFerential.  which  ' 
is  inside  the  gear  box ;  through  these  sleeves  pass  the  two  halves 
of  the  countershaft,  from  the  ends  of  which  there  is  the  usual  chain 
drive  to  the  rear  wheels.     The  change-speed  gear  is  of  the  ordinary 
sliding-wheel  typa 

A  leather  belt  with  canvas  core  running  on  fast  and  loose  pulleys 
transmits  motion  from  the  crank  shaft  to  the  first-motion  shaft  in 
tho  Belle  (Swiss)  cars.  The  rest  of  the  gearing  is  of  the  Panhard 
type,  with  side  chains  driven  by  a  countershaft. 

In  the  friction  plate  system,  either  the  main  shaft  or  the  fly  wheel 
carries,  or  in  any  case  moves,  a  plate  against  which  presses  a  roller 
entraining  the  intermediary  shaft  in  its  motion.  When  at  one  side 
of  the  plate,  the  roller  can  glide  along  the  shaft  and  give  a  forward 
movement ;  when  it  reaches  the  centre,  movement  ceases ;  and  there 
BB  2 
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is  backward  motion  when  it  passes  to  the  other  side.  The  system  is 
simple  and  adapts  itself  to  slight  changes  of  speed,  but  it  has  a  great 
inconvenience  ;  to  avoid  the  roller  skidding  on  the  plate  and  causing 
considerable  loss  of  transmitted  power,  the  adherence,  which  u^ 
especially  weak  near  the  centre,  may  be  increased  by  pressing  the 
roller  hard  against  the  plate ;  but  this  pressure  absorbs  power  and 
causes  wear  owing  to  the  thrust  produced  between  the  plate  shaft 
and  one  of  the  bearings,  by  the  resistance  presented  to  the 
rotation  of  the  plate ;  in  spite  of  this,  Lepape  and  Ringelmann  think 
highly  of  the  system. 

The  objections  to  friction  plate  transmissions  are  (1)  low  mechanical 
efficiency,  this  varying  with  the  pressure  existing  between  the  friction 
wheel  and  the  fly-wheel ;  the  pressure  generally  depends  on  the  fora- 
exerted  by  the  driver  on  his  hand  lever ;  (2)  the  lessened  efficiency  at 
low  speed,  just  when  the  greatest  power  is  required.  Against  these 
may  be  set  the  undoubted  smooth  running  and  the  progressiveness 
and  ease  of  speed  changing. 

Variable  speed  friction  drives  are  features  of  the  Friedman  and  of 
the  Maurer-Union  petrol  cars.  Briefly  stated,  the  motor  fly-wheel  if» 
smooth-faced,  and  the  smooth  periphery  of  a  wheel  mounted  at 
right  angles  to  it  on  a  sliding  sleeve  is  brought  into  contact  with 
it.  The  relative  speeds  of  the  wheels  will  depend  on  their  relative 
diameters  and  on  the  distance  from  the  centre  of  the  fly-wheel  of  the 
line  of  contact  of  the  two  wheels.  The  motion  of  the  second  wheel  iN 
transmitted  to  the  road  wheels  in  any  suitable  way  (chains  have  the 
preference),  and  it  will  be  understood  easily  that  the  nearer  to  the 
centre  of  the  fly-wheel  the  friction  wheel  is  approached,  the  slower 
will  be  the  speed ;  when  the  friction  wheel  passes  the  centre  of  the 
fly-wheel,  reverse  motion  is  obtained.  The  Friedman  motor  and 
friction  wheels  are  shown, by  Fig.  422.  The  fly-wheel  is  faced  with 
copper,  the  friction  wheel  being  mounted  on  the  shaft  parallel  with 
the  face  of  the  fly-wheel.  The  friction  wheel  normally  is  not  in 
contact ;  but  it  is  put  in  contact  by  forcibly  depressing  a  system  of 
levers  which  acts  on  the  sliding  blocks  containing  the  wheel  bearings. 
The  transmission  from  the  friction  wheel  shaft  is  by  sprocket  wheel 
and  chain  to  a  countershaft,  and  thence  by  chain  to  the  differential  of 
the  live  rear  axle.  In  the  Maurer-Union  car,  an  extra  friction  wheel 
parallel  with  the  motor  fly-wheel,  may  or  may  not  be  employed; 
without  the  extra  wheel,  the  system  resembles  the  Friedman,  except 
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timt  the  chain  drive  is  from  the  left  end  of  the  friction  wheel  shaft 
to  a  sprocket  on  the  left  rear  wheel  only.  The  arrangement  of  the 
double  friction  drive  is  shown  by  Fig.  423.  Friction  discs  A  B  (the 
former  being  a  part  of  the  motor  fly-wheel)  have  between  them  the 
friction  wheels  C,  D ;  C  is  the  working  wheel,  D  serving  merely  to 
increase  the  J'riction  surface.  The  friction  wheel  shaft  E  has  a 
sprocket  on  the  left  end,  and  the  chain  F  drives  a  differential  on  the 
left  end  of  the  one  piece  axle  G.  By  moving  lever  H  the  friction 
discs  movable  in  the  longitudinal  axis  of  the  car  are  brought  into 
contact  with  the  wheeb  C,  D ;  and  wheel  C  can  be  approached  or 
removed  from  the  centre  of  A  by  means  of  bevel  gearing  under  the 
driver's  control. 


"Elf.    424. —  RlSOELHANM 

Fbictios  Plate 
Fif^.  423.— U  AIRES' Union  Fhiction  Flatk  Thanbhibsion.  TBjNsHlSRtos. 

Friction  plate  transmission  systems  were  employed  on  Tenting  and 
Lepape  cars.  The  crank  shaft  is  furnished  with  a  fly-wheel  formed 
liko  a  friction  cone,  driving  two  conical  wheels  placed  in  a  line  with 
the  axis  of  the  fly-wheel.  Between  these  two  wheels  moves  a  large 
disc  forming  a  friction  plate  constantly  in  contact  with  them  ;  its 
shafl  carries  a  pinion  working  by  a  chain,  the  differential  being  placed 
on  the  axle  of  the  driving  wheels.  By  moving  the  disc  to  right  or 
left  of  the  centre  of  the  pinion,  more  or  less  far  from  it,  backward  and 
forward  motion  are  obtained  at  different  rates  of  speed.  Similar 
transmission  gear  was  employed  in  the  American  cars  made  by  Bird. 

Ringelmann  estimates  that  the  very  ordinary  results  obtained  by 
the  friction  plate  systems  is  due  to  the  pressure  exerted  on  the  roller 
being  constant,  whereas  it  ought  to  increase  as  it  approaches  the 
centre  of  the  roller.  His  device  to  prevent  this  inconvenience  is 
shown  by  Fig.  424,  in  which  A  and  B  are  two  friction  plates  given 
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motion  by  the  toothed  gear  D  and  D^  of  identical  but  inverse  speeds; 
A  B  impart  motion  to  roller  C.  The  inner  surfaces  of  the  plates  are  flat 
instead  of  conical,  and  their  inclination  is  combined  with  the  power  of 
the  springs  E  so  that  the  pressure  between  the  roller  C  and  the  plates 
varies  automatically,  accoixiing  to  the  required  proportion,  when  the 
roller  passes  from  the  centre,  where  pressure  should  be  maximum  to 
the  circumference,  where  it  should  be  smallest. 

The  Fouillaron  is  the  best  known  and  most  representative  of  those 
systems  in  which  the  power  is  transmitted  by  belts  working  over 
extensible  pulleys,  the  speed  varying  according  to  the  mechanically 
produced  alteration  of  the  ratio  that  the  diameter  of  the  driving 


Fig.  425. — FovxLLAKOK  Extensible  Pullet 
Transmission. 


pulley  bears  to  that  of  the  driven  one.  Many  important  details  go 
to  make  up  the  Fouillaron  system,  but  there  is  space  here  to  deal 
only  with  the  leading  features.  A  diagrammatic  plan  is  shown  by 
Fig.  425,  a  view  of  the  chain-belt  that  connects  the  two  pulleys  being 
given  by  Fig.  426.  A  and  B  are  two  extensible  pulleys ;  that  Is 
they  are  each  formed  of  two  opposite  cones  having  slits  or  openings  so 
that  one  can  penetrate  the  other,  as  illustrated  at  B.  The  pulleys 
are  so  mounted  on  their  shafts— A  on  the  motor  shaft  and  B  on  the 
differential  shaft  carrying  the  chain  sprockets — that  one  cone  of  each 
pulley  can  be  moved  and  the  working  diameter  thus  altered  In 
practice  it  is  the  driving  pulley  A  that  is  altered  by  the  driver,  the 
other  pulley  being  automatically  changed  in  diameter  so  that  the 
chain-belt  remains  equally  stretched.  Change  of  speed  is  operated 
by  turning  a  small  wheel,  placed  on  a  more  or  less  vertical  shaft  just 
below   the  hand-steering  wheel      By  means  of  worm  gearing  the 
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shaft  mores  laterally  the  lover  arm  of  the  loose  cone  C  of  the  driving 
pullej'  A.  By  means  of  a  system  of  levers,  D,  E,  F  and  G,  and  by 
means  of  the  very  strong  spring  H,  the  motion  of  the  driving  pulley 
A  is  transmitted  to  the  driven  pulley  B,  and  as  the  sliding  cone  C 
draws  out  or  in  to  make  the  working  diameter  of  A  smaller  or  larger, 
the  sliding  cone  J,  of  driven  pulley  B,  draws  in  or  out  so  as  to  make 
the  working  diameter  of  B  correspondingly  larger  or  smaller.  K  and 
L  are  the  two  fixed  cones.  In  a  car  exhibited  at  the  Paris  Salon, 
1902,  the  sympathetic  movements  of  the  two  pulleys  were  obtained 
by  the  use  of  chains,  not  unlike  cycle  roller  chains.  It  is  easily 
understood  that  the  larger  the  working  diameter  of  the  driving 
pulley  in  proportion  to  that  of  the  driven  one,  the  greater  will  be 
the  speed  of  the  car.      The  chain-belt  is  made    up  of  pieces  of 


leather'  (Fig.  427)  threaded  upon  eight  twisted  gut  strings,  about 
4'7  mm.  (1875  in.)  in  diameter;  from  eight  to  ten  thicknesses 
of  leather  are  riveted  together  to  foiin  a  link,  and  slightly  pared 
away  or  hammered  so  that  at  the  bottom  the  link  is  not  so 
thick  as  at  the  top;  this  is  shown  at  B,  Fig.  426.  The  links  are 
so  threaded  that  the  strings,  leaving  the  top  row  of  holes  in  one 
link,  enter  the  bottom  row  of  holes  in  the  next,  and  of  course  vice 
vend.  This  sufiGces  to  separate  the  links  ever  so  slightly.  The 
advantages  justly  claimed  for  the  Fouiltaron  system  are  smooth 
transmission  of  power,  the  absence  of  all  toothed  gearing,  and  an 
absolutely  progressive  change  of  speed  without  any  of  the  shocks 
and  struns  that  a  change  of  speed  always  involves  when  toothed 
gearing  is  employed.  For  reverse  motion,  a  device  disconnects  one 
of  the  sprocket  wheels  on  the  driven  pulley  shaft,  and  the  car  is 
driven  by  one  of  the  ade  chains  only,  the  differential  serving  as  a 
device  to  alter  the  direction  of  the  motion. 
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The  Lumaresq  Simplex  variable  speed  gear,  now  in  process  of 
development,  also  employs  expanding  pulleys,  but  on  a  different 
principle.  The  power  is  transmitted  from  one  to  the  other  by  chain, 
and  the  effective  diameters  of  the  driving  and  driven  pulleys  varj' 
inversely  and  simultaneously. 


■6- 
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Figi.  42)(  and  i29. — Jea\tai.*d  Electric  KIotor  FoBE-cABBtiOE  TiuNiiMis^aN. 

In  electric  cars,  backward  motion  and  changes  of  speed  can 
easily  be  obtained  by  aid  of  the  electric  motor,  and  coiiaequenily 
mechanical  speed-changing  gear  is  not  much  used. 

Electric  cars  resist  side-slip  remarkably  well,  according  to  Colonel 
R,  E.  B.  Crompton.  This  is  partly  duo  to  the  fact  that  the  driviotr 
power  can  be  applied  to  the  front  wheels,  which  undoubtedly  con- 
stitutes one  of  the  great  advantages  of  electrical  propulsion.  Another 
advantage  over  petrol  or  steam-driven  cars  is  that  it  is  easy  to  apply 
separate   power  to   each    driving  wheel   of  an  electric   car,  so  that 
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there  is  no  need  for  a  differential  gear.  Up  to  the  present,  appar- 
ently, the  majority  of  electric  cars  use  tooth  gearing,  in  spite  of 
the  fact  that  chains  are  easier  than  tooth  gearing  to  lubricate  and 
to  maintain  in  silent  running  condition.  The  slight  noise  made  by 
electric  cars  generally  proceeds  from  the  tooth  gearing,  whereas  the 
absolutely  silent  automobiles,  electric  or  steam,  generally  use  chain 
transmission.  Speed  changii^  in  electric  cars  is  operated  electrically 
by  means  of  the  controller,  as  described  on  pp. .  333  to  339. 

In  some  Jeantaud  ears  the  motor  drives  the  differential  shaft 
by  toothed  gear,  the  differential  driving  the  rear  wheels  by  chains- 
In  the  three-quarter  coupe,  where  the  front  wheels  are  both  driving 


Fig.  130. — DorS    IliTEBLIlNO    MOTOU   FOBE- 

and  steering  (see  Figs.  428  and  429),  tho  armature  shaft  drives  the 
differential  shaft  by  means  of  spur  wheels  (there  is  no  magnetic  clutch 
on  the  left  of  the  secondary  coil) ;  each  of  the  two  parts  of  the  differ- 
ential shaft  has  at  its  end  a  bevel  pinion  gearing  with  a  pinion 
whose  vertical  axle  is  the  wheel  pivot,  This  other  gears  in  turn 
with  a  pinion  on  the  axle  of  the  driving  wheel.  Thus  the  wheels 
can  turn  any  way  without  ceasing  to  receive  motion. 

Dor^  cars  have  a  fore-carriage  used  both  for  driving  and  steering 
(w«  Fig.  430).  The  .dynamo  is  on  the  seat  at  the  <lrivcr's  feet.  To 
transmit  its  motion  to  the  wheels  in  spite  of  the  bending  of  the 
springs  (which  causes  the  distance  from  axle  to  motor  to  vary),  a 
motor  drives   a    hollow    vertical   cylinder   (forming    the    pivot   on 
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which  all  the  fore-carriage  turns),  inside  which  a  rod  in  two  parts 
can  ascend  and  descend,  the  two  parts  being  united  by  a  doutle 
universal  joint.  The  lower  part  carries  a  bevel  pinion  which  en- 
trains the  wheel  of  the  differential ;  the  wheels  are  keyed  on  the 
two  parts  of  the  axle.  A  key  forces  the  rod  to  follow  the  motion 
of  the  rotating  cylinder.  This  fore-carriage  can  be  employed  with 
a  petrol  motor  also. 

Patin  cars  employed  a  transmission  system  shown  by  Figs.  431  and 
432.  The  motor  A  is  fixed  direct  on  the  axle  B,  curved  in  at  the 
centre  and  widening  out  to  a  given  point  in  an  oval  shape  to  allow 
the  differential  and  its  wheel  to  pass  to  the  axis  of  its  horizontal 


Fig.  431.— I'AtiK  Elictkic  Car  Tbanbsiiwion. 

secondary  coil ;  the  pulley  C  is  covered  with  leather.  Under  the 
action  of  lever  D,  and  in  the  plane  of  pulley  C,  moves  vertically  the 
triangular  sector  E,  carrying  pulleys  F  G,  of  imequal  diameter,  but 
both  laiger  than  that  of  the  pulley  C,  When  one  or  other  of  the 
pulleys  F  G  is  brought  into  contact  with  the  latter  it  begins  to  move, 
driving  its  shaft  and  with  it  a  toothed  pinion,  which  forms  one 
with  it  and  constantly  gears  with  the  toothed  wheel  H  of  the  dif- 
ferential. The  pinion  of  the  latter  drives  the  two  parts  J,  which 
pass  inside  the  axle  journals  without  any  friction.  By  aid  of  the 
extreme  nuts  the  clutch  couplings  K  entrain  the  hubs  L  of  the  whwli 
It  suffices  to  change  the  pulley  in  contact  with  C  to  make  a  chant?' 
from  full  speed  without  fear  of  shocks  and  snapping  of  teeth  as  T*ith 
toothed  gearing.  Disengnging  is  operated  by  breaking  all  contart 
between  the  pulleys  C  on  the  one  hand  and  F  G  on  the  other:  for 
engagement  contact  is  restored. 
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The  Milde-Mondos  transmission  had  an  eleetric  differential  in  place 
of  the  mechanical  differential  («ee  Figs.  433  and  434);  a  and  a'  are 
the  two  secondary  circuit  rings  of  the  motor,  each  comprising  a 
special  winding ;  one,  a,  is  keyed  on  the  solid  shaft  b ;  the  other,  a^, 
on  the  hollow  shaft  6\  concentric  with  the  first,  of  which,  moreover. 


it  only  surrounds  part  of  the  length.  At  the  end  of  each  shaft  a 
pinion  gears  with  the  wheels  c  and  c',  which,  by  means  of  a  fiexible 
transmission  or  other  device,  in  turn  drive  pinions  d,  d},  which  gear 
with  the  toothed  wheels  r,  »•',  fixed  on  the  car  driving  wheels.  Thus 
these  wheels  can  displace  themselves  as  regards  each  other  because 
the  secondary  coils  can  acquire  different  rates  of  speed,  the  motor 
action  bccoining  more  powerful  in  the  ring  corresponding  to  the  wheel 
receiving  the  maximum  strain. 
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CHAPTER    XII. 

AXLES   AND  STEERING  GEAR  0¥  AUTOMOBILES. 

Automobile  driving  axles  and  steering  axles  are  distinguished 
between  as  follows:  they  are  driving  when  the  two  driving  wheels 
are  keyed  on  them  or  on  their  two  parts  united  by  the  differential, 
or  when  they  are  loose  with  the  chain  wheels;  whilst  steerino; 
axles  carry  the  steering  wheels.  In  a  general  way  the  rear  axle 
is  driving  and  the  fore  axle  steering.  The  other  position,  however, 
was  to  be  found  in  the  Weidknecht  omnibus,  the  car  of  the  Compagnie 
Gfeerale  des  Automobiles,  and  the  Moriss  voiturette,  and  the  steering 
axle  in  the  rear  in  fact  gives  smoothness  and  stability  when  rounding 
sharp  curves,  but  it  is  said  to  cause  diflBculty  in  starting,  the  car 
being  stopped  sometimes  by  contact  with  a  curb-stone.  Some  axles 
are  both  driving  and  steering,  in  which  ca^e  they  are  alwayp  at  the 
front.     The  Lohner-Porsche  petrol-electric  car  has  such  an  axle. 

Skidding,  sometimes  caused  by  having  the  steering  driving  axle  in 
front,  is  a  great  inconvenience,  for  it  may  extend  to  a  head-to-tail 
motion ;  according  to  Forestier  it  occurs  when  the  wheels  of  the 
fore-carriage  meet  with  a  resistance  which  slackens  motion  and  the 
rear  wheels  are  on  any  part  of  a  rofid  where  friction  is  too  slight 
to  prevent  side-slipping.  To  prevent  this  inconvenience,  Forestier 
recommends  the  loading  of  the  fore-carriage  so  that  the  kinetic 
energy  of  the  wheels  can  overcome  the  resistance  they  meet  with 
without  decreasing  the  speed  much  more  than  that  of  the  rear 
wheels.  If  the  fore-carriage  is  loaded  the  wheels  must  be  increased 
in  diameter,  and  it  is  a  question  whether  they  should  be  left  steering 
in  such  a  case.  However,  it  is  not  always  resistance  as  above  that 
makes  the  car  swing  round,  for  it  may  happen  that  one  of  the 
road  wheels  does  not  travel  over  the  same  distance  as  the  other, 
the  car  then  turning  to  the  side  on  which  the  wheel  runs  the  shorter 
distance.  This  happens  particularly  when  one  wheel  is  on  a  part 
of  the  road,  such  as  a  tram  rail,  pavement  or  slippery  asphalt, 
where  adherence  is  small ;  or  skidding  may  be  caused  by  the  brakes 
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of  the  two  wheels  working  unequally.  In  such  circumstances 
swinging  round  cannot  be  prevented  by  increasing  the  load  on  the 
fore-carriage ;  then  the  remedy  is  to  make  the  wheels  turn  together 
by  stopping  the  action  of  the  differential. 

Whether  the  fore  axle  be  steering  or  driving  it  is  desirable  for 
it  to  have  the  same  width  (really  length)  as  the  rear  axle,  so  that 
the  driver  may  be  able  to  judge  whether  the  available  space  is 
sufficient  for  the  vehicle;  and  the  car  gains  in  stability.  Great 
solidity  and  strength  are  required  for  automobile  axles,  as  they 
have  to  support  both  the  body  and  the  mechanism,  a  greater  general 
weight  than'  that  of  a  horse-drawn  car,  and  they  are  subjected  to 
jolts  which  are  aggravated  by  the  more  or  less  great  speed.  Con- 
sequently the  axles  must  be  made  of  the  best  metal.  Steel  tends 
to  become  brittle  under  the  influence  of  vibration ;  and  only  soft  steel 
can  be  used.  Wolseley  axles  are  of  Vickers'  special  axle  steel,  and 
the  use  of  weldless  steel  tube  axles  and  those  forged  and  bored  from 
end  to  end  is  increasing.  For  iron  axles  the  metal  is  selected 
soft  and  fibrous,  giving  an  elongation  as  far  as  possible  of  26 
to  27  per  cent,  under  a  rupture  strain  of  from  35  kg.  to  36  kg. 
per  mm.-  (22*21  tons  to  2284  tons  per  square  inch)  of  section. 

Nickel  steel  has  proved  a  satisfactory  material  for  the  axles  of 
Duryea  cars. 

The  axle  may  be  straight  or  cranked,  w^ith  or  without  shoes 
or  washers  welded  or  hammered  into  the  metal.  Straight  axles 
without  shoes  are  made  in  one  piece,  rolled  or  forged  with  the 
stamp  hammer.  On  the  contrary,  straight  axles  with  shoes  are 
generally  made  in  two  parts  which  are  welded  together.  The 
shoes  may  be  welded  on,  but  heavy  axles  with  shoes  should  be 
made  in  one  piece.  Crank  axles  without  shoes  usually  are  centered 
in  drawing;  a  sufficient  boss  must  be  left  so  that  after  bending 
the  crank  will  have  the  same  section  as  the  rest  of  the  axle. 
Crank  axles  with  shoes  must  be  forged  in  one  piece ;  this  is  desirable 
for  washers  also,  but  welding  can  be  adopted  providing  it  is  well 
done.  The  journals  are  stamped  as  near  as  possible  to  their 
finished  dimensions  to  avoid  much  subsequent  shaping,  they 
are  case-hardened  for  a  thickness  of  at  least  0*2  mm.  (007  in.) 
and  then  the  journal  fillets  are  annealed  to  remove  brittleness. 
Finally,  the  journals  are  adjusted  so  that  in  use  they  will 
neither    wear    away    nor    be    deformed    much.       In    horse-drawn 


430  THE   AUTOMOBILE. 

vehicles  the  journals  are  inclined  downwards,  so  that  in  spite 
of  the  dish  of  the  wheel  the  spokes  will  be  perpendicular 
to  the  ground  and  thus  loaded  vertically.  In  automobiles  the 
motor  wheels  form  one  with  the  toothed  wheels,  which  turn  in 
the  vertical  planes  of  the  endless  chains  which  drive  them  and 
the  journal  axles  cannot  be  "set"  much  except  certain  mrely 
employed  devices  are  adopted.  But  tliis  does  not  apply  to  the 
journals  of  steering  axles,  which  sometimes,  however,  are  not  "  set," 
nor  are  the  wheels  they  carry  perceptibly  dished. 

The  axle  boxes  contain  balls  or  rollers  and  grease  or  oiL  Grease 
boxes  are  employed  only  for  heavy  vehicles.  Patent  oil  axle 
boxes  are  made  in  about  the  same  shape  as  that  adopted  by  the 
inventor,  J.  CoUinge,  in  1787.  Lemoine,  however,  suppresses  the 
groove  in  the  top  part  of  the  journal,  this  allowing  of  better 
grinding.  They  are  made  of  bronze,  or  more  often  of  forged  iron  case- 
hardened,  but  never  of  cast  iron,  which  would  be  too  brittle.  Bronze 
gives  more  friction  and  lessens  the  risk  of  skidding,  but  it  wears 
away  more  quickly  than  iron,  and  this  wear  causes  a  noise  when 
the  wheel  turns.  The  rings  and  nuts  generally  are  made  of 
bronze  for  the  sake  of  cheapness.  For  heavy  vehiclas  one  iron 
nut  with  notches  perhaps  is  better.  The  half  patent  axle  without 
ring  or  nuts,  the  box  being  joined  to  the  wheel  by  washers  and 
bolts,  gives  greater  security,  because  the  nut  does  not  become  loose, 
and  if  the  journal  breaks  the  wheel  is  retained,  but  it  cannot 
easily  be  removed.  These  axles  must  be  kept  perfectly  clean  and 
lubricated  with  sheep's-foot  oil,  or  ox-foot  oil,  or  cheap  mineral  oils. 
Great  inconveniences  are  caused  by  want  of  oil  or  the  detachment 
of  a  fragment  of  broken  metal  from  the  box,  the  wheels  skidding, 
the  journal  wedging,  and  even  the  journal  adhering  to  the  box 
through  overheating.  Normally  a  well  lubricated  wheel  should  run 
from  800  km.  to  1,000  km.  (roughly  from  500  to  620  miles)  without 
requiring  any  attention.  Ball  bearings,  according  to  G.  Eichard, 
reduce  the  journal  friction  by  90  per  cent.  Balls  10  mm.  (0*39  in.) 
in  diameter,  well  made  of  hard  steel  or  soft  Bessemer  steel  with 
01  per  cent,  of  carbon,  well  tempered  and  polished,  have  a 
crushing  resistance  of  26  kg.  per  mm.-  (16*5  tons  per  square  mch), 
and  can  support,  without  losing  their  roundness,  between  plane 
surfaces  of  Bessemer  hardened  steel  as  much  as  1,100  kg.  (2,220  Ih.) 
per  ball.     This  resistance  can  be  increased  by  having  several  rows 
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of  balls  or  cylindric  rollers.  Forestier  says  that  the  coefficient 
of  friction  of  the  journals  may  be  taken  as  equal  to  10  kg.  (22  lb.) 
per  tonne  with  patent  axle  boxes,  5  kg.  (11  lb.)  with  ball  bearings, 
and  25  kg.  (55  lb.)  if  smaller  balls  are  placed  between  those 
supporting  the  axle  so  as  to  prevent  all  gliding  friction  amongst 
the  latger  ones.  In  the  United  States  comparison  has  been  made 
of  the  strains  needed  for  the  traction  of  two  similar  wagons  (1)  with 
a  roller  box  and  (2)  with  a  lubricating  box;  the  proportion  of  (1) 
to  (2)  was: — 

Load  of   3,300  kg.  (  6,660  lb.)  1  to  290 

Do.        8,300  kg  (18,260  lb.)  1  to  367 

Do.      10,000  kg.  (22,000  lb.)  1  to  398 


Experiments  made  with  an  entire  train  on  the  Western  Railway 
of  France  demonstrated  that  rollers  give  much  less  resistance  to 
rolling  than  do  ordinary  boxes,  the  resistance  to  starting  being 
<]tniinished  by  from  35  to  40  per  cent.  In  automobiles  it  would 
be  particularly  advantageous  to  reduce  the  resistance  to  starting 
due  chiefly  to  the  want  of  oil  between  the  journals  and  the 
boxes;  for  when  lubrication  ia  copious  the  coefficient  of  friction 
increases  as  the  square  of  the  speed.  Forestier  suggests  that  the 
lubricating  system  much  in  vogue  on  railways  bo  imitated  in 
this — a  wick  deposits  on  the  journal  just  enough  lubricant  to 
prevent  wedging ;    this   Utter   inconvenience   is   to  bo  feared  more 
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with  ftutomobiles  than  mth  railway  wagons.  Already  there  is  a 
number  of  ball-bearing  axles.  There  are  the  Belvalette  and  Verinoi 
axles  with  two  rows  of  balls,  one  on  each  side  of  the  journal : 
the  Hannover  with  four  rows ;  Simonds  with  eight  rows ;  and 
Gondefer,  Gros  and  Pieard  axles  with  ball  or  roller  bearings,  in 
which  the  chief  balls  or  rollers  are  kept  separate  by  a  second  ring  of 
balls  or  rollers  lodged  in  special  grooves,  this  device  preventing 
all  gliding. 

The  Hannoyer  new  steering  bail-bearing  axle  is  shown  by  Fig. 
435.     It  has  a  nickel  steel  body,  with  or  without  shoes,  and  straight 


or  cur\'ed.  A  steel  hub  is  mounted  on  a  nickel  steel  journal  and 
fixed  there  by  a  screw  cap,  and  there  are  two  ball  bearings,  as  shown. 
Adjustment  and  detachment  are  easy  with  such  an  axle  as  this. 

Most  automobile  constructors  consider  that  the  patent  axle  wears 
verj'  well,  and  they  say  that  the  ball  system  is  more  expensive,  not 
so  solid,  and  more  complicated  than  useful,  the  breakage  of  a 
single  ball  causing  the  journal  to  wedge,  and  mere  wear  causing 
bad  work;  the  friction  of  the  journal,  they  consider,  is  only  a  snutll 
item,  in  the  total  resistance  to  rolling. 

The  Timken  roller-bearing  steering-wheel  hub  (Fig.  43G)  makes; 
possible  the  adjustment  of  the  bearing  even  when  the  races  or 
containing  collars  are  worn.  Fig.  437  shows  more  clearly  the  sbapv 
of  the  rollers  and  the  method  of  placii^  them.  In  Fig.  436,  llic 
steering  axle  H  is  machined  from  the  solid  bar,  case-hardened  ami 
ground,  and  on  its  inner  end  is  fast  fitted  the  roller  race  D ;  the  raci' 
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E  for  the  outer  set  of  rollers  forms  a  tight  sliding  fit  over  the  outer 
end.  The  cases  enclosing  the  rollers  F  are  formed  by  the  coned 
portions  A  of  the  axle  box  The  inner  Sange  B  and  the  outer 
flange  C  form  the  nave  of  the  wheel  for  the  reception  of  the  spokes, 
and  are  stamped  from  steel  plate ;  B  is  brazed  to  the  axle  box  A, 
and  C  forms  a  tight  fit  over  the  reduced  outer  diameter  of  the  same, 
being  also  bolted  to  the  inner  flange  as  illustrated.  These  stamped 
flanges  give  strength  and  I^htness.  A  dust  cap  screws  on  the  end 
of  the  axle  box,  which  is  made  grit-proof  and  oil-retaining  by  a 
closing  ring  carrying  a  felt  washer.  The  tapered  rollers  F  and  G 
are  kept  in  their  relative  positions  by  ring  cages,  I  and  J,  The  pivot 
pins  in  the  ends  of  the  rollers  rotate  in  holes  drilled  in  the  rings 
which  nre  carried  round  with  the   rollers.     To  adjust  for  wear,  the 


Fig.  43S. — Lexoine  PAtixr  Oil  Axlb. 

nut  K  is  screwed  up  f^inst  the  outer  adjusting  bearing  cone  E,  and 
any  slack  is  taken  up  equally  by  the  two  sets  of  rollers ;  for  further 
adjustment  a  thin  washer  can  be  inserted  between  K  and  E.  The 
adjusting  nut  is  locked  by  the  cotter  pin  L. 

Drivir^  axles  are  made  variously ;  their  naves  may  or  may  not 
carry  the  band  brake  pulley  and  the  sprocket  wheel  which  is 
driven  hy  the  endless  chain.  Figs,  438  and  439  illustrate  two 
types  constructed  by  Lemoine.  Fig.  438  is  a  general  view  of  a  patent 
oil  driving  axle,  depressed  and  having  an  eye  to  receive  the  fastenii^ 
of  the  connecting  rod  ;  the  illustration  shows  a  washer  beaten  out  of 
the  metal  mounted  with  a  metal  nave  and  hoop  sleeve  carrying  a 
disc  to  fix  the  toothed  wheel.  Practically  the  same  axle  Js  shown 
by  Fig.  439,  but  on  this  is  fixed  a  brake  pulley  and  sprocket  or 
chain-wheel 

Fig.  440  shows  the  Darracq  rear  driving  axle,  A  being  the 
differential  shaft,  B  and  C  the  left  hand  and  right  casings  respect- 
ively, D  the  diEferential  gear  box,  E  the  brake  with  band  passed  twice 
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round  the  differential  box,  F  the  wheel  driven  by  the  pinion  /  on 
a  shaft  which  has  a  flexible  joint  at  H,  J  the  spring  attachment  piece, 
K  the  naves  of  the  back  wheels,  and  L  ball  bearings. 

The  de  Dion-Bouton  car  driving  axle  is  illustrated  in  part  by 
Fig.  441,  which  shows  the  nave,  cap,  axle  sleeve,  T,  brake  drum.  A", 
etc.    This  and  the  Darracq  axle  (Fig.  440)  are  types  of  driving  axles. 

The  two-pivot  broken  steering  axle  is  a  source  of  danger,  espe- 
cially at  full  speed,  on  account  of  its  want  of  precision.  The  bicycle 
mounting,  which  was  that  of  the  Cugnot  trolley,  would  have  given 


the  simplest  solution  ;  but  it  would  have  been  unsafe,  as  it  woulJ 
have  reduced  the  supporting  polygon  to  a  triangle.  The  ordinan- 
fore-carriage  with  pivot  would  have  caused  the  same  difficulty  as 
the  single  steering  wheel  in  turnings  of  90".  In  an  automobile 
the  fore-carriage  gives  a  defect  which,  owing  to  the  pole  or  shafts, 
is  not  present  in  horse-drawn  vehicles;  any  obstacle  met  with  by  a 
wheel  tends  to  make  it  turn  with  great  force  around  the  pivot, 
and  in  order  to  keep  the  car  in  a  straight  line  the  great  strain  has 
to  be  counterbalanced.  This  could  not  be  done  easily  by  means 
of  a  lever  directly  connected  with  the  axlo ;  this  lever  usiially  is 
difficult  to  handle,  but  under  such  circumstances  might  be  snatched 
from  the  driver's  hands.  An  endless  screw  and  irreversible  trans- 
mission might  have  been  employed,  and  a  few  builders — Pouchain, 
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Le  Blant,  and  Dore— have  adopted  this  system,  which,  however, 
exposes  the  steering  parts  to  strains  which  might  cause  dislocation. 
The  remedy  is  to  immobilise  the  steering  axle  to  the  driving  axle 
parallel  to  one  another,  and  to  make  each   wheel  movable  around 


Fig.  440.— DASKAca  Kkab  D 


a  pivot  quite  close  to  the  end  of  the  axle.  Thus  in  the  IJuryea 
car  the  prolonged  axis  of  the  pivot  intersects  the  ground  at  the 
point  where  the  wheel  is  in  contact.  Sometimes,  instead  of  being 
completely  immobilised,  the  steering  axle  remains  free  to  move 
around  a  perpendicular  pivot,  but  it  always  remains  in  a  vertical 
plane  parallel  to  that  of  the  driving  axle,  and  the  supporting 
polygon  is  not  altered.  The  two-pivot  fore-carriage  was  invented 
by  Lenkensperger  and  patented  by  Rudolph  Ackermann,  of  London, 
c  c  2 
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in  1818.  Originally,  it  exposed  the  wheels  to  skidding  along  the 
ground  because  the  axle  of  the  journals  of  the  steering  wheels  did 
not  converge,  in  turning,  at  a  single  point,  and  then  the  four  wheels 
had  not  a  common  axis  of  rotation.  The  Bollte  steam  car  Obeiamnie 
in  1873  had  the  two-pivot  system  with  cams  intended  to  make  the 
prolongations  of  the  journals  meet  in  precisely  the  same  point  of 
the  vertical  plane  of  the  rear  axle. 

In  1878  Jeantaud  invented  a  modification  of  the  Ackermann 
device  which  enables  easy  turning  of  the  car,  because  in  horizontal 
projection  the  axis  of  the  journals  always  meet  on  the  prolongation  (or 
at  least  very  near  it)  of  the  rear  axle  axis.     In  Fig.  442,  which  shows 

^  the  principle  of  the  Acker- 
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mann  -  Jeantaud  steering 
gear,  r  r  are  the  horizontal 
projections  of  the  steering 
wheels,  o  o  being  those  of 
their  respective  pivots.  By 
joining  these  two  latter 
points  with  the  intersec- 
tion A  of  the  median  axis 
of  the  car  and  the  rear 
axle  axis  M,  an  isosceles 
triangle  is  formed,  the 
sides  of  which  are  tak^  as 
the  direction  of  the  connecting  rods  0  L,  0^  U,  which  invariably  are 
united  with  the  journals  of  the  two  wheels.  These  two  rods  finally 
are  hinged  with  the  cross  piece  L  L,  which  transmits  to  them  in  an 
interdependent  manner  the  motions  of  the  steering  bar  or,  better,  the 
fly  wheel ;  when,  in  order  to  turn,  wheel  r  is  brought  into  the 
position  r^  so  that  the  verticals  0  A^  and  0^  A^  on  the  wheel  planes 
intersect  each  other  in  a  point  A^  situated  very  approximately  on  tlie 
prolongation  of  the  axis  of  the  rear  axle.  The  locus  of  the  points  A' 
strictly  is  a  curve  to  which  line  A  A^  is  a  tangent  with  which  it  may 
be  practically  confounded.  The  cross-piece  L  L^  can  be  brought  more 
or  less  close  to  this  axle,  but  the  nearer  it  is  the  greater  will  be  ih 
field  of  action  of  the  wheels,  without  it  being  possible,  owing  to  thi' 
limited  amplitude  of  the  arcs  described  by  the  connection  rods»  to 
make  the  car  pivot  on  one  of  the  rear  wheels.  The  Jeantaud  devicv 
now  is  employed  almost  exclusively,  though  it  gives  good  results  only 
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for  angles  of  not  more  than  30°.  Consequently,  the  system  is  not 
perfect  yet  With  a  view  to  elucidate  the  matter,  Bourlet  made  a 
very  interesting  study  which  here  is  epitomised.  He  distinguished 
(1)  the  system  of  joining  the  two  wheels  from  (2)  the  trans- 
mission gear. 

As  regards  the  system  of  joining  wheels,  connecting  rods  are  the 
easiest  to  make  and  the  least  liable  to  become  loose.  As  to  whether 
it  is  possible  with  them  to  realise  the  essential  condition  that  in  turning 
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Fig.  443. — Jbnatzy  Double  Quadrilatbbal  SxEBttnio  Gbab. 
Fig.  444.— BoLLiB  Doublb   Qvadrilatbral  Stbbrino  Gbak. 
Fig.  445.>-LAVENni  Coxcayb  Pentagon  Stbebino  Gear. 
Fig.  446. — BoVRLBT  Stbbrino  Gear. 


no  wheel  skids  laterally,  that  is,  in  every  position  of  the  system,  the 
four  wheels  turn  aroimd  an  instantaneous  axis  of  rotation  situated  in 
the  vertical  plane  of  the  rear  axle,  theoretically  it  is  possible,  but  prac- 
tically it  is  not ;  any  system  giving  this  condition  would  involve  too 
great  a  number  of  connection  rods — there  would  be  at  least  eighteen 
according  to  the  devices  hitherto  proposed.  But  if  a  mathematically 
accurate  solution  is  not  practicable,  something  near  the  mark  can  be 
attempted,  because  it  suffices  to  assure  a  maximum  turning  angle  of 
40°  for  the  car.  In  fact,  cars  with  driving  wheels  in  the  rear  do  not 
turn  when  the  wheels  are  fixed  at  more  than  45°.  Thus  the  fore 
wheels,  under  the  influence  of  pressure,  from  the  first  tend  to  skid,  and 
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do  so  if  the  fore-carriage  does  not  break.  Bourlet  ascribes  this 
impossibility  of  turning  in  small  radii  to  the  defective  steering  gear 
actually  employed  when  fixed  at  great  angles  and  to  the  differential 
ceasing  to  work. 

Connecting  rod  couplings  are  distinguished  from  each  other  by 
the  shape  of  the  polygons  they  form ;  there  are  (a)  simple  quadri- 
lateral, {}))  double  quadrilateral,  and  {c)  concave  pentagoiL 

The  quadrilateral  coupling  may  be  inside  the  axles,  as  for  the 
Ackermann-Jeantaud  device,  Fig.  442,  or  outside  the  axles,  as  in  the 
Panhard  and  Levassor.  The  Ackermann-Jeantaud  device,  as  has  been 
said,  gives  suitable  steering  only  when  the  gear  is  fixed  at  an  angle  of 
80" — beyond  this  it  is  really  bad  ;  and  as  a  rule,  in  the  case  of  interior 
quadrilaterals,  any  inaccuracy  rapidly  grows.  The  exterior  quadri- 
.  lateral  Ls  preferable,  because  with  the  same  frame  it  gives  a  greaUT 
maximum  steering  angle,  and  because  whilst  the  jolts  caused  by  the 
road  on  the  steering  wheels  cause  pressure  on  the  rod  L  L,  Fig.  442, 
in  the  interior  quadrilateral  they  cause  traction  in  the  exterior 
quadrilateral,  and  this  is  more  desirable.  Bourlet  endeavoured  to 
find  out  the  best  possible  system  of  hinged  quadrilaterals,  and  his 
result  can  be  realised  only  with  a  long  narrow  car,  for  if  the  car  is 
short  and  wide  the  maximum  steering  angle  is  too  small.  Therefore 
the  single  quadrilateral  systems  must  be  ab&ndoned. 

With  regard  to  connecting  rod  couplings  having  a  double  quadri- 
lateral, by  dividing  the  single  quadrilateral  into  two,  the  width  of  the 
car  is,  as  it  were,  decreased  one  half  and  matters  improved.  To 
practically  obtain  this  the  rods  near  the  two  quadrilaterals  must  be 
connected  one  with  the  other  so  as  to  form  a  sector  turning  around 
the  middle  of  the  steering  axle.  This  is  the  arrangement  in  nearly 
all  the  actual  rod  systems,  particularly  the  Roger,  Lepape,  and 
Jenatzy,  in  which  the  quadrilaterals  arc  two  rectangular  trapezej^. 
Fig.  443  shows  the  Jenatzy  steering  gear  with  double  quadrilateral 
(rotary  axis  of  sector  on  axle).  In  the  Benz  and  Bollee  systems  with 
double  equilateral  (Fig.  444)  the  rotary  axis  of  the  sector  is  not  ou 
the  steering  axle ;  a  variable  parameter  is  taken.  In  fact,  there  are 
more  parameters  than  needed,  and  Bourlet  demonstrates  that  an 
almost  perfect  connection  can  be  formed  in  which  the  sector  is 
replaced  by  a  single  rod  Following  this  up,  Lavenir  invented  a 
system  with  concave  pentagon  (Fig.  445),  which  is  indisputably 
the  most    accurate  of   all   the    systems  hitherto    invented;    it   is 
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strictly  accurate    from   0"    to   60",  and   at    90"    the   error   is   only 
about  3'. 

It  is  fairly  obvious  that  a  cam  connection  can  be  made  giving  any 
required  relation  between  the  steering  gear  of  the  ivheels,  and,  indeed, 
several  devices  of  this  kind  have  been  invented,  for  instance,  that  of 
Sydenham  and  Walkinson ;  all  ha^e  the  inconvenience  of  very 
rapidly  becoming  loose,  Bourlet  invented  a  slide  mechanism  which 
makes  the  steering  wheel  journals  convei^e  precisely  in  any  position 
towards  the  same  point  of  the  rear  axle.     It  is  based  on  the  fact, 
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geometrieally  demonstrated  by  the  inventor,  that  if  the  two  journals 
A*  a  and  B'  b.  Fig.  446,  are  connected  with  two  arms  a  a'  and  b  b', 
that  intersect  in  the  point  M  vertical  to  A^  B',  and  symmetric 
with  O  the  middle  of  the  rear  axle  C  D  with  regard  to  fore  axle  A  T!, 
the  point  H  describes  a  straight  line  parallel  to  A^  B'  and  that 
inversely  if  this  point  M  describes  the  straight  line  E  F  the  afore- 
mentioned condition  of  convergence  is  fulfilled.  The  problem  then  is 
reduced  to  this ;  unite  the  two  arms  a  a\  b  b'  by  such  a  mechanism 
that  II  will  describe  the  straight  line  E  F.  For  this  Bourlet  furnishes 
the  two  arms  with  two  shdes  a  a^  b  y  (Fig.  447)  in  which  run  two 
rollers  placetl  at  the  end  of  a  rod  g  k  which  slides  in  two  sleeves  U  U '- 
which  maintain  it  at  a  constant  distance  h  from  A  B  (see  Fig.  446). 
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Point  M  thus  describes  the  straight  line  E  F,  for  the  two  triangles  M  A  B 
and  Mgk  remain  similar  and  in  constant  proportion,  which  is  that  of 
their  bases  A  B  and  g  k ;  d  is  the  height  of  the  triangle  M  A  B,  that 
of  triangle  M  g  k  is  d  -  h.    Owing  to  the  similitude  of  the  triangles 

1^1    =  — r  =  constant,  and  as  h  is  constant  so  is  d  also. 

The  Bourlet  system  of  steering  is  effected  as  in  Fig.  447.  It 
is  possible  to  act  on  rod  T  by  any  of  the  steering  mechaidsm  to  be 
described  later.  This  system  of  joining  is  almost  as  simple  as 
the  Ackermann  jointed  quadrilateral,  over  which  it  has  a  marked 
superiority.  The  jolting  of  the  wheels  in  rough  roads  makes  rod  T, 
Fig.  447,  work  in  traction  as  in  the  Panhard  and  Levassor  steering  gear ; 
but  in  addition  to  the   theoretical  superiority  of  strict  accuracy. 


Fig.  448. — BollIb  Chain  Stebbdto  Gxar  (Old  Ststbm), 


the  Bourlet  gear  has  the  advantage  over  the  last  named  of  not 
having  diverging  arms  A  a^  and  B  W  which  necessitate  inconvenient 
lengthening  of  the  journals  as  soon  as  the  road  becomes  wide 
comparatively  with  the  width  between  the  wheels.  Davis,  an 
Englishman,  constructed  a  device  differing  from  Bourlet's  only  in  the 
style  of  workmanship ;  the  two  arms  A  a^  B  W,  instead  of  b«ng 
furnished  with  slides,  are  solid  and  run  in  cylinders  hinged  on  the 
ends  of  rod  g  k.  The  other  letters  in  Fig.  447  have  the  same 
references  as  in  Fig.  446. 

Chain  and  toothed  gear  connections  have  been  abandoned 
because  they  quickly  grow  loose.  The  BoU^  old  steering  gear 
(Fig.  448)  had  chains;  the  two  steering  wheels  were  each  placed 
in  a  vertical  fork  like  the  steering  wheel  of  a  tricycle.  At  their  top 
part  the  axes  A  and  B  of  these  forks  had  pinions  connected  by  chains 
C  and  D  to  two  elliptic  interdependent  eccentric  pinions,  E  and  F, 
txuming  around  an  axis,  I,  placed  in  the  centre  of  line  A  B.  Theoretic- 
ally, the  choice  of  the  shape  of  the  pinions  E  and  F  gives  exact 
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connection,  but  practically  the  variability  of  tbe  tension  of  the  chains 
C  and  D  gives  a  very  refractory  steerage  systenL  The  Delahaye 
gear  (Fig.  449),  sometimes  also  employed  by  Pei^ot,  is  a  com- 
bination of  chains  and  connecting  rods.  With  it  also  the  flexibility 
of  the  chain  gives  considerable  play,  which  makes  this  system  one  of 
the  least  recommendable.  The  Priestman  and  Wright  steering  gear, 
shown  by  Fig.  450,  is  a  toothed  system.  In  this,  the  steering  handle 
is  mounted  at  the  top  end  of  a  vertical  shaft  whose  lower  end  carries 
a  pinion  gearing  with  a  toothed  sector.  The  sector  carries  the 
vertical  shaft  G,  upon  which  the  double  sector  H  is  keyed  eccen- 


Fig.  H9. — Dblahitb  Chaik 
SrsBBwa  Gbaa, 

Fig,    <SO.~-PUBgTlIAN     AHD    WUOUT 

Stkeuhq   OlltK. 


trically.  The  two  parts  of  this  double  sector  gear  with  other  eccentric 
sectors  with  arms  cast  on  and  hinged  to  connecting  rods  K,  which  are 
hinged  to  levers  fixed  to  forks  M  of  wheels  N.  The  form  and 
eccentricity  of  tbe  sectors  G  and  H  are  calculated  to  transmit  to 
the  wheels  differential  motions  suitable  for  good  steerage. 

The  transmission  mechanism  of  the  wheel  connection  system,  and 
consequently  of  the  wheels  themselves,  must  have  the  least  possible 
play,  be  easily  handled,  and  at  the  same  time  act  promptly,  and  be 
flexible  enough  to  follow  the  relative  displacements  of  the  body  and 
fore-carri^e  (the  driving  shaft,  with  its  lever  steering  bar  or  hand 
wheel,  is  fixed  to  the  body,  and  the  system  of  the  wheel  connections 
is  only  connected  with  the  latter  by  springs).  The  inclined  hand  wheel 
at  present  is  the  most  popular  controlling  part,  tbe  lever  being 
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abandoned,  as  it  is  suitable  only  for  slow  cars,  such  as  electricallv 
driven  ones. 

The  bell  crank  steering  gear  is  the  simplest,  and  consists  of  merely 
hinged  rods,  the  arrangement  of  which  can  be  much  varied.  As  some- 
what frequently  employed,  one  of  the  arms,  as  0  L  (Fig.  442,  p.  436), 
is  prolonged  so  as  to  form  the  bell  tie-rod,  which  the  controlling  shaft 
works  by  a  lever  arm  and  a  tie-rod.  There  is  a  double  hinge  with 
vertical  and  horizontal  axes  on  each  end  of  the  tie-rod  to  enable  the 
mechanism  to  follow  the  relative  displacement  of  the  body  of  the  car 
and  the  axle.  In  the  Panhard  and  Levassor  adaptation  the  bell  tie- 
rod,  instead  of  being  moved  by  a  lever  arm,  is  worked  by  a  toothed 
sector;  at  the  lower  part  of  the  fly-wheel  shaft  a  worm  or  pinion 
gears  with  a  toothed  sector  situated  in  a  vertical  plane.  This 
sector  has  a  lever  arm  which  draws  or  pushes  the  bell  crank  rod  a. 
Figs.  451  to  453. 

Jeantaud  employs  to  move  the  tie-rod  a  rack  which  prolongs  the 
same  and  which  gears  with  the  pinion  placed  at  the  lower  part  of  the 
controlling  shaft ;  the  tie-rod  itself  is  hinged  in  a  point  of  the  con- 
necting rod  L  L,  Fig.  442,  p.  436. 

With  regard  to  chain  and  toothed  gear  transmission,  the  firms 
which  have  adopted  the  double  quadrilateral  transmission  frequently 
simply  employ  chains.  The  sector  E  I  F,  Fig.  454,  has  a  concentric- 
pinion,  Q,  united  by  an  endless  chain,  C,  with  the  pinion  P  keyed  to 
the  lower  part  of  the  driving  shaft  0.  Usuall)^  pinion  P  is  smaller 
than  Q  so  as  to  obtain  a  demultiplication,  which  makes  the  stoerin? 
gear  work  more  smoothly,  with  greater  sensitiveness,  and  more  slowly. 

Irreversible  steering  gear  is  necessary.  The  mecham'sms  just 
described  (except  the  Panhard  worm  gearing)  have  a  defect 
which  is  very  tiresome  for  the  driver,  who  cannot  release  the  steerhii,' 
gear  without  the  car  running  into  the  side  of  the  road.  These 
systems  may  suffice  for  ordinary  speeds,  but  with  those  which 
seem  likely  to  be  adopted  and  are  already  employed  in  races  the 
driver  has  not  time  to  remedy  the  swerving  of  the  car  caused  by 
jolts.  It  is  prudent  to  arrange  the  mechanism  so  that  the  obstacles 
met  on  the  road  wiU  not  make  the  car  swerve  from  the  line  alon<r 
which  it  is  being  driven. 

Non-reversibility  of  the  steering  gear  must  not  be  absolute, 
or  one  of  the  wheels,  not  being  able  to  deviate  in  the  lea^t, 
may  be  smashed    against    any   obstacla     The    worm    gearing    is 
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already  non-reversible,  owing  to  the  motion  of  the  screw ;  but  the 
screw  absorbs  much  work  and  does  not  give  rapid  transmission. 
Jeantaud  has  patented  an  irreversible  system,  and  de  Coninck  has 
constructed  a  mechanism  with  epicycloidal  gear. 

The  Brillie  epicycloidal  transmission  gear  steering,  which 
was  employed  in  the  Gobron  Brillie  cars,  independently  of 
its  non-reversibility  has  the  advantage  of  giving  variable  de- 
multiplication    of    the   motion    of   the   steering.     With    a    slight 


Fig.  451.  Fig.  452.  Fig.  453. 

Figs.  4dl  to  453.— Paxhard  and  Lbtassok  Steeriko  Gear. 
•  Fig.  463  -  Chain  Stkbrino  Geau. 

reduction  of  the  demultiplication  the  car  is  turned  more  easily, 
but  handling  is  more  fatiguing;  whereas  with  a  great  reduction 
handling  is  easy  but  turning  is  slower.  In  this  gear,  a  hand  steering 
wheel  V  (Figs.  455  and  456)  is  keyed  on  the  top  part  of  the 
steering  axle  A  A^,  which  is  guided  in  a  tube,  T,  upon  which  is 
fixed  a  toothed  pinion,  K;  the  lower  part  of  A  A^  has  a  lever  arm,  L, 
terminated  in  a  socket  through  which  passes  shaft  DD^  parallel  to 
A  A^  At  the  top  part  of  D  DMs  a  toothed  sector,  S,  which  gears 
with  pinion  K,  and  at  its  lower  part  is  a  crank  arm,  M,  which  moves 
the  steering  connecting  rod,  mounted  on  the  pin  C,  perpendicularly 
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to  the  plane  of  the  illustration  (Fig.  455).    Spring  R  constantly 
tends  to  bring  the  axes  A  C  D  back  into  the  same  vertical  plane.    If 


the  hand  wheel  V  is  given  a  rotary  motion,  axis  D  will  describe  a 
circular  path  around  A ;  the  toothed  sector  S  gears  with  the  died 
pinion  K,  and  every  point  of  it  and  of  the  pin  C  will  describe  an 
epicycloid,  an  epicycloid  being  defined  as  the  curve  described  by  a 
point  in  a  circle  revolving  in  another.    According  as  the  hand  wheel  is 
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turned  to  steer  to  the  left  or  right,  every  point  of  C  will  describe  a 
curve  similar  to  Cg  C,  or  Co  CJ  (Fig.  4.56).  Now  it  results  from 
the  geometric  properties  of  the  epicycloid  that  if  the  hand  wheel  crank 
V  is  brought  into  positions  equidistant,  1,  2,  3,  4,  5,  6,  7,  8,  9,  the 
point  C  will  occupy  corresponding  positions,  namely  Co,  C„  Cj,  C„  C,, 
Cs.  Cg,  C„  C,,  Cg,  further  and  further  from  each  other.  If,  therefore, 
point  C  is  connected  with  the  steering  connecting  rods  by  aid  of  rod 
Q,  the  latter  will  cause  the  former,  which  in  turn'  acts  on  the  wheels 
for  equal  displacements  of  the  fiy-wheel,  to  make  ever-increasing 


Fig,  167. — Wai.aELiT  Stebkjko  Gbie. 

angles  of  deviation  according  as  one  moves  away  from  the  rectilinear 
advance ;  this  is  clearly  illustrated  in  F^.  456.  It  results  that, 
in  order  to  deviate  perceptibly  from  the  straight  tine  along  which  the 
car  is  running,  the  hand  wheel  must  be  displaced  considerably ;  an 
involuntary  movement  given  to  the  steering  gear  cannot  therefore 
cause  anything  but  neglectable  deviations.  It  results  also  that  to 
turn  in  a  curve  of  small  radius  it  suffices  to  make  the  wheel  rotate 
one-third  or  one-quarter  revolution.  Moreover,  owing  to  the  action 
of  spring  B,  shown  in  Fig.  455.  and  to  the  distribution  of  forces 
brought  into  play,  the  handle  C  and  consequently  the  hand  wheel 
V  do  not  tend  to  deviate  when  the  wheels  meet  abnonnal  strains 
caused  by  stones,  etc. 

The  Wolseley  steering  gear  has  the  advantages  of  the  irreversible 
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worm,  whilst  the  steering  is  more  sensitive  than  is  the  case  with  aiiy 
direct  form  of  steering.  The  hand-steering  wheel  is  connected  direct 
to  a  bevel  wheel  enclosed  in  the  casing  S',  Fig.  457.  This  bevel 
meshes  with  a  smaller  bevel  connected  with  the  universal  coupling 
S';  and  a  connecting  link  S'  transmits  the  motion  of  the  smaller 
wheel  to  a  worm,  S»  (Figs.  457  and  458),  gearing  with  a  worm  wheel, 


S',  in  a  casing,  S*,  bolted  to  the  front  axle,  S"  is  rigid  with  arm  S\ 
and  this  is  coupled  by  connecting  rods,  formed  of  two  bars,  to  the 
levers  projecting  fi^ra  the  steering  heads ;  these  levers  are  not  any 
shorter  than  usual.  The  bevel  wheels  gear  up  the  motion  given  to 
the  hand  steering  wheel,  aud  the  worm  gear  reduces  it.  The  worm 
forms  as  usual  the  irreversible  part,  but  the  relative  angidar  move- 
ment of  the  steering  wheel  and  of  the  arm  S*  need  not  difler  much 
To  take  up  back  lash  caused  by  wear  in  the  worm  and  worm  wli«L 
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a  paper  joint  is  made  between  the  two  parts  of  the  casing  &.  The 
steering  pillar  is  fixed  to  bracket  Z. 

The   Velox   steering  gear   is   shown  by   Fig.  459.      Its  point  of 
interest  is  the  capabihty  of  adjusting  the  angle  of  the  pillar  M  to 
suit  the  driver,  and  the  telescopic  attachment  of  the  hand-steering 
■wheel  A  to  the  centre  rod  B,  so  that  the  wheel  can  be  fixed  at  any 
required  height     In  Fig.  459  C  shows  the  tubular  frame.     For 
adjusting  the^angle  of  the  pillar,  the  oil-tight  casing  B,  enclosing  the 
usual   worm    and   segment,   is    so 
shaped  that  a  circular  portion  of 
it  tits  into  a  bracket,  E,  which  is 
clipped   to    the     main    frame    0, 
This  bracket  can  be  moved  for- 
ward or  backward  along  the  tube, 
and   can   be    made    to    hold   the 
casing  D  at  any  angle.      The  rod 
leading  from  lever  F  to  the  steer- 
ing   head   can    be    lengthened    or 
shortened  to  correspond  with  the 
adjustment    of    the    pillar.       The 
steering  pillar  M,  is  fixed  to  the 
casing  B    by  a    flanged  joint,  L, 
and  encloses  rod  B,  which  carries 
the  worm  wheel  G  operating  seg- 
ment H ;  an   outer  tube  J    slides 
over  the  upper  end  of  B,  and  is 

prevented     from     rotating     by    a         Fig.  4go.-Ab-.l  s««n<o  G.ab. 
feather  key.      The    hand-steering 

wheel.  A,  is  of  special  shape  as  illustrated,  and  is  bolted  to  a 
fliinge  on  tube  J  ;  when  this  tube  is  adjusted  to  the  rcquu^d  height 
it  is  clipped  by  a  bolt  passing  through  key  K. 

The  Ariel  steering  pillar  and  worm  gear  are  shown  in  section  by 
Fig.  460.  These  parts  are  carried  by  the  bracket  A,  brazed  to  the 
frame,  and  the  pillar  tube,  B,  is  bolted  by  a  flange  fitting  to 
the  casting.  This  tube  encloses  the  actual  steering  tube  C,  which  is 
rigid  with  the  hand  wheel  D,  and  is  carried  by  a  ball-socket  joint 
E,  in  the  top  of  the  pillar.  At  the  lower  end  of  this  tube  is  a  four- 
fold worm  on  which  rides  a  corresponding  nut,  F,  which  has  pro- 
jectmg  trunnions  carried  with  lever  arms  rigid  with  shaft  G.    This 
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shaft  is  mounted  in  a  brass-bushed  bearing  provided  by  the  casting 
A,  and  from  it  the  arm  H  projects  downward,  and  operates  the  usual 
system  of  steering  rods.  The  centre  of  the  nut  F  can  move  only 
through  the  arc  of  a  circle  about  G,  and  the  steering  tube  C, 
therefore,  must  be  free  to  move  sideways  in  the  pillar  tube  B.  These 
movements  are  provided  for  by  the  ball  socket  E,  which  also  lakes 
the  thrust  of  the  worm. 

The  Malicet-BUn  steering  gear  (F^js.  461  to  463)  is  novel  and 


FigH.  461  to  463. — UALtCBT-BLiN  Stebkino  Oeah. 

intereating.  There  is  the  usual  steering  wheel  on  the  rod  B,  at  the 
foot  of  which  is  a  disc-pattern  cam,  A,  so  shaped  that  its  under 
face  always  presses  against  two  conical  hardened  steel  rollers,  C,  on 
opposite  sides  of  its  centre ;  whilst  one  roller  is  depressed  the  other 
is  allowed  to  rise,  both  of  them  being  kept  in  contact  with  the 
cam,  so  preventii^  back-lash.  The  rollers  are  carried  on  pins  fixed 
to  the  cyUndrtcal  casting  D,  to  which  is  secured  the  steering  anu 
E,  whose  length  is  made  adjustable  by  a  telescopic  joint,  F.  More- 
ment  of  the  cam  forces  the  steering  arm  E  backwards  or  forwards. 
The  thrust  of  cam  A  is  taken  by  a  hardened  steel  collar,  G,  and  there 
is  provision  for  taking  up  any  back-lash  that  may  be  caused  by  wear. 
Advantages  of  this  arrangement  are  simplicity,  irreversibility  of  the 
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Steering  gear  when  the  car  is  travelling  in  a  straight  line,  and  extreme 
sensitiveness  of  steering ;  the  further  the  road  wheels  are  deflected 
from  the  straight,  the  less  need  the  hand  steering  wheel  be  moved 
to  deflect  them  proportionately  further. 

The  Jenatzy-Martini  steering  gear,  shown  in  section  by  Fig.  464  is 


carried  on  a  substantial  bracket,  A,  which  is  bolted  to  the  underframe 
and  provides  the  fulcrum  bearings  for  the  pedals  B.  The  steering 
pillar  C  contains  a  hollow  shaft,  D,  fixed  to  the  steering  wheel  at  its 
upper  end.  In  Fig.  464  the  lower  part  of  this  shaft  is  alone  shown ;  the 
upper  part  is  a  separate  tube,  and  is  brazed  to  it.  The  shaft  is  pre- 
vented ^m  moving  longitudinally  by  a  thrust  bearing,  E,  and  it  has  a 
compound  feed  screw,  F,  cut' upon  it;  a  nut,  O,  rides  upon  this  feed 
screw  and  engines  with  the  lever  H,  from  the  lower  end  of  which  the 

I>  D 
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steering  rod  passes  to  the  head  of  the  off-side  front  wheel.  The 
method  of  connectiug  the  nut  with  the  lever  is  shown  in  the  separate 
cross  section  X.  The  travelling  nut  is  lubricated  from  the  greaser  3. 
The  shaft  D  is  made  hollow  so  that  the  levers  which  regulate  (1)  the 


Fig.  46a. — Lehoini  Stbeuiko  Axlb 


lift  of  the  inlet  valves,  (2)  the  time  of  ignition,  and  (3)  the  warm  air 
supply  to  the  carburetter  respectively,  can  be  placed  above  the  steerin;; 
wheel  and  can  be  connected  with  these  parts  by  small  concentric  shafu 
passing  down  the  centre.  The  central  rod  K  carries  the  arm  L  at  its 
lower  end.  by  which  it  is  connected  with  the  carburetter  biittertly 
valve  spindle.  The  tube  M  surrounding  the  rod  K  carries  the  lever 
arm  N,  which  in  turn  connects  its  lower  end  with  the  commutator.  The 
tube  O,  which  fits  outside  the  tube  K,  is  connected  with  the  titling  P, 
which  operates  the  inlet  valve  mechanism.  The  rod  K  and  the  sleeve 
M  are  prevented  from  moving  freely,  relatively  to  one  Mother,  by 
means  of  the  flange  Q,  which  is  fitted  between  their  lever  arms  L  and 


Fig.  486. — Leuoinb  Stebriko  Axle 


X.  Each  of  these  arms  contains  a  small  spring  plunger  which  presses 
against  a  friction  face  respectively  below  and  above  the  flange  Q.  Tbe 
outer  Lube  0  is  providetl  with  a  feed  screw,  R,  at  its  lower  end ;  the 
corresponding  nu  t  fitting  over  the  screw  is  part  of  the  fitting  V. 
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.  The  two  pivot  steering  axles  can  be  made  in  somewhat  varied 
shapes ;  they  have  a  chape  as  shown  in  Fig.  ^65,  and  a  pin  as  shown 
in  Figs,  466  and  467  ;  the  pin  may  be  vertical  or  inverted  with  pivot 
or  balls.  Fig.  465  is  a  section  of  a  Lemoine  steering  axle  with  chape ; 
the  steering  lever  is  forged  on  with  the  journal ;  there  is  a  half-patent 
metal  oil  nave  for  the  wooden  spokes.  Fig.  466  is  a  section  of  a 
Lemoine  steering  axle  with  vertical  pin,  double  oil  box,  and  balls ; 
the  centred  axle  has  an  inserted  jom-nal  to  decrease  projection ;  the 
patent  metal  oil  nave  has  a  counter  disc  mthout  hoop  for  wooden 
spokes.     Fig.  467  is  an  exterior  view  of  a  Lemoine  steering  axle  with 


Fig' 467.; — LsuoufB  Stebbiho  Axlb  with  Ikteutbd  P:h. 

inverted  pin,  balls  and  pivot,  flattened  shoe,  centred  axle,  metal  nave, 
the  pin  seat  being  furnished  with  a  lever  forged  on  for  steering.  The 
two-pivot  axle  is  employed  almost  universally. 

It  has  been  remarked  that  the  pin  or  pivot  fore-carriage  also  is 
used.  It  is  adopted  especially  by  Dor^  and  by  the  Compagnio  des 
Voitures  Electromobiles.  Some  other  systems  are  in  use,  but  only  by 
their  inventors.  For  instance,  Le  Blant  had  two  fore-carriage  pin 
axles  to  facilitate  turning  forwards  and  make  it  possible  to  turn 
backwards  Bird's  dfcvice  was  a  pin  fore-carriage  with  twin  wheels  very 
close  together,  the  inconveniences  of  the  large  fore-carriage  being 
decreased,  but  to  the  detriment  of  the  stability.  Duchitelet's  device 
compelled  the  driver  to  tighten  the  brake  gradually  before  turning  a 
<-omer,  the  sharper  the  turn  the  tighter  being  the  brake. 
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CHAPTER    XIII. 

WHEELS   AND  TYRES   OF  AUTOMOBILES. 

The  first  quality  requisite  in  the  wheels  of  an  automobile  is  solidity, 
for  the  impetus  of  the  motor  is  transmitted  to  the  carriage  by  their 
agency,  and  in  sudden  stoppages  the  strain  on  the  wheels  is  greatly 
increased,  and  the  wheeb  meet  on  the  road  with  destructive  shock?, 
which  are  proportioned  to  the  kinetic  energy  of  the  car.  Assuming 
that  the  load  on  the  axle  is  only  double  that  in  a  horse-drawn  car, 
and  the  speed  triple,  it  follows  that  the  strength  of  a  wheel  of  an 
automobile  must  be  eighteen  times  greater  than  that  of  a  horse- 
drawn  car  wheel  to  give  the  same  degree  of  safety.  But  the 
requirements  of  safety  with  regard  to  wheels  is  not  always  fulfilled,  a 
fact  to  which  attention  was  called  by  the  jury  of  the  Liverpool  lS9s 
heavy  vehicle  trials. 

As  regards  the  diameter  of  the  wheels,  in  carriage-building  there 
is  a  constant  rule  which  is  to  make  the  diameter  of  the  wheels 
proportional  to  their  load.  The  advantages  of  large  wheels  are  that 
they  increase  the  lever  arm  to  overcome  the  resistance  due  to  friction 
of  the  journal  in  the  box  and  decrease  that  opposed  to  rolling  (Morin 
regarded  the  latter  as  being  inversely  proportional  to  the  diameter , 
and  they  help  the  car  to  pass  over  obstacles  in  the  road.  The 
relation  which  gives  the  traction  strain  T  to  be  developed  to  drive  a 
wheel  of  weight  P  and  radius  R  over  an  obstacle  of  height  h  is: 

T  =  P  y  j^       A    big    diameter    is    yet    more   efficient   when   bijr 

obstacles  have  to  be  met.  Big  wheels  wear  out  the  road  less  than  do 
small,  heavily  loaded  wheels,  which  have  a  very  destructive  influence 
on  roads ;  also  the  big  wheels  cause  less  dust,  at  an  equal  tangential 
speed  they  turn  less  rapidly  than  small  wheels,  and  suspend  the  body 
of  the  car  and  the  motor  at  a  greater  height  above  the  ground.  The 
inconveniences  of  large  wheels  are  that  they  are  very  heavy,  and  that 
the  power  being  applied  to  the  nave  whilst  the  tyre  meets  the  resist- 
ance, the  spokes  tend  to  bend,  and  the  greater  their  length,  the  greater 
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the  bending.  As  a  rule,  the  resistance  of  a  wheel  is  calculated  as 
the  inverse  proportion  of  the  square  of  the  radius  compared  with  the 
strains  it  exerts  vertically  in  the  plane  of  the  wheel,  and  as  in  inverse 
proportion  of  the  cube  of  this  radius  compared  with  the  transversal 
strains  it  has  to  imdergo  more  accidentally.  Bending  can  be 
prevented  by  a  device  similar  to  that  employed  by  de  Dion-Bouton, 
who  applied  the  power  to  the  felloes.  Another  disadvantage 
of  big  wheels  is  the  risk  of  warping,  owing  to  chain  trans- 
missions having  led  to  the  adoption  of  journals  without  setting, 
and  consequently  wheels  that  are  not  dished ;  but  now  it  is  possibly 
to  employ  chains  for  wheels  mounted  on  slightly  set  journals.  Big 
wheels  are  more  difficult  to  lodge,  and  it  is  necessary  to  increase  the 
space  between  the  wheels;  also  turning  demands  greater  space. 
Cars  mounted  on  big  wheels  are  higher,  and  consequently  not  so 
stable,  but  crank  axles  can  be  employed,  in  which  case  increase 
of  the  size  of  the  wheels  causes  stability.  With  big  wheels  the  speed 
has  to  be  reduced  more  when  turning,  and  in  consequence  of  this  the 
transmission  gear  is  more  complicated.  But  as  the  consideration  of 
safety  comes  first,  solidity  must  be  assured  before  all  else,  and  as 
wheelwrights  learn  to  make  more  durable  wheels  their  diameter  can 
be  augmented. 

Automobile  wheels  have  been  made  low,  especially  for  vehicles 
carrying  a  number  of  passengers.  In  the  Scotte  1897  omnibus  the 
diameter  of  the  fore- wheels  is  0770  m.  (30*31  in.)  for  a  load  of 
1,280  kg.  (2,816  lb.),  and  that  of  the  near  wheels  0*900  m.  (354  in.) 
for  a  load  of  1,945  kg.  (4,279  lb.).  In  the  de  Dion-Bouton  1897 
omnibus  the  diameters  are  respectively  0*8  m.  (31*5  in.)  and  1  m. 
(39-37  in.)  for  loads  of  980  kg.  (2,156  lb.)  and  2,100  kg.  (4,620  lb.). 
Few  modem  cars  exceed  this,  though  in  the  Brightmore  lurry  the 
wheel  diameter  is  104  cm.  (3  ft.  5  in.) ;  Musker  and  Leyland  lurries 
91*4  cm.  (3  fL  3  in.).  These  are  tall,  but  are  not  so  big  as  the  largest 
wheels  employed  for  ordinary  carriage  building.  A  typical  light 
steam  car,  the  Locomobile  10  h.p.  dos-k-dos,  has  wheels  71  cm. 
(28  in.)  in  diameter.  With  regard  to  petrol  cars,  in  the  English 
Daimler  and  Brooke  cars  the  wheel  diameter  is  91*4  cm.  (36  in.) ; 
Richard  cars,  from  75  cm.  to  87  cm.  (29*5  to  34-25  in.) ;  Rochet- 
Schneider,  90  cm.  (35'4  in.) ;  de  Dion-Bouton  "  Populaire,"  68*6  cm. 
(27  in.) ;  Renault,  80  cm.  to  90  cm.  (31  5  in.  to  35'4  in.) ;  and  Velox. 
SI -3  cm.  (32  in.). 
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It  would  be  well  tx)  make  the  fore- wheels  of  the  same  diameter  as 
the  rear  ones,  considers  Forestier,  so  as  to  be  able  to  load  them 
equally,  and  so  decrease  the  risk  of  the  car's  swinging  round,  the 
length  of  the  axle  being  increased  to  allow  of  the  same  steering  angle 
without  reducing  the  width  of  the  frame  and  body. 

Tyre  width  now  may  be  considered.  On  horse-drawn  pleasure 
cars  the  tyres  frequently  have  a  width  of  1  mm.  per  5  kg.  (1  in.  per 
280  lb.)  of  load;  in  diligences  1  mm.  per  10  kg.  (1  in,  per  560  Ib.i 
There  is  a  pneumatic  tjrre  width  of  25'4  mm.  (1  in.)  on  the  Star  petrol 
car  for  about  every  193  kg.  (425  lb.)  of  weight ;  for  every  83  kg.  (21v^ 
lb.)  on  the  Duryea:  for  every  207  kg.  (457  lb.)  in  the  de  Dion-Bouton 
•'Populaire"  ;  and  for  every  216  kg.,  264  kg.,  or  3175  kg.  (477  lb., 
583  lb.,  or  700  lb.)  in  three  t3rpes  respectively  of  Locomobile  cars. 

There  is  no  distinct  and  accepted  theory  respecting  the  width  of 
tyres.  Morin  maintained  that  wide  tyres  increase  the  resistance  lo 
rolling  on  a  hard  road  and  decrease  it  on  a  soft  one.  Dupuit 
considers  that  widening  the  tyres  has  no  effect  on  macadamised  roads, 
but  a  favourable  effect  on  pavement.  De  Mauni  says  that  a  wide 
tyre  is  preferable  for  sandy,  very  dusty  or  very  muddy  roads,  but  the 
opposite  with  a  thin  layer  of  sticky  mud.  De  Mauni  recommends 
that  a  long  narrow  contact  surface  be  given  to  the  wheel  tyre. 

These  contradictions  are  more  apparent  than  real,  because  so  much 
depends  upon  the  condition  of  the  roads  experimented  with.  Thus, 
on  a  compressible  j-oad  there  is  an  advantage  in  widening  the  tm\ 
but  if  the  road  is  also  scattered  over  with  pebbles  a  wide  t\Te  will 
increase  the  number  of  obstacles  met  with.  Methodical  experiment.^ 
are  wanted  to  settle  the  width  which  has  most  chance  of  giving  best 
results  for  a  number  of  more  or  less  complex  circumstances.  In  the 
case  of  heavy  vehicles,  the  necessity  of  a  good  road  must  be  emphasises! 
The  trials  at  Liverpool  in  1898  made  this  clear.  The  imper- 
fections of  ordinary  roads  are  the  chief  source  of  the  great  cost 
of  maintenance  and  also  the  principal  factor  of  the  risk  attached  t<^ 
all  s)^stems  of  mechanical  road  traction. 

In  order  to  avoid  making  deep  wheel  marks,  as  these  impede 
traction,  the  surface  of  the  wheel  in  contact  with  the  ground  must  i^e 
increased  and,  length  of  contact  being  equal,  the  narrowest  contain 
will  bo  the  best,  because  with  it  the  tracks  will  be  slightest.  Tlie  only 
way  to  lengthen  the  contact  of  rigid  tyres  is  to  increase  the  diameter 
of  the  wheel,  a  matter  that   has  been  discussed  already.    Often 
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enough  tyres  have  to  be  made  rather  wide  to  obtain  as  much  as 
possible  of  the  condition  for  minimum  traction. 

Wheels  can  be  classed  under  three  chief  headings :  (1 )  wheels  with 
wooden  spokes ;  (2)  wheels  with  metal  spokes,  and  (3)  solid  metal  wheels. 

Wheels  with  wooden  spokes  may  have  the  nave  made  of  twisted 
elm  to  avoid  clefts,  but  preferably  the  nave  is  of  bronze,  case-hardened 
iron,  or  cast  steel  Figs.  468  and  469  represent  two  bronze  naves  as 
made  by  Hannoyer,  the  first  being  mounted  on  an  iron  box  and 
the  second  forming  a  box  in  a  single  piece.  For  heavy  vehicles  the 
spokes  are  made  of  acacia  wood  or  oak ;  the  former  polishes  better 
than  oak  and  is  tougher,  and  for  these  reasons  is  preferred  for  fine 


Fig.  Ifi9.— Bboniib  Nave  fowiTNo 

ONB    WITH    Box. 

carri^e  work ;  but  it  is  difficult  to  find  it  thick,  and  in  any  case  it 
has  not  the  solidity  of  oak. 

The  felloes  of  wooden  wheels  are  made  ot  ash,  more  rarely  elm,  and 
sometimes  metal  As  the  journals  cannot  be  given  the  ordinary  set 
the  wheels  cannot  be  dished  much,  though  sometimes  they  are  slightly 
dished :  dishing  somewhat  decreases  the  solidity  of  the  wheels,  but  it 
makes  them  more  elastic.  Also,  the  set  of  the  axle  and  the  dishing 
of  the  wheel  make  cars  roll  better. 

Wooden  felloes  are  employed  on  wooden  wheels  usually,  and 
then  the  number  of  spokes  is  always  double  that  of  the  felloes ;  these 
are  in  odd  numbers  (7  or  9).  They  are  fastened  by  aid  of  wooden 
pegs,  and  so  fixed  that  the  large  axis  of  their  elliptical  section  is 
placed  transversely.  When  they  have  to  support  the  toothed  chain 
wheel,  this  is  bolted  to  bosses  by  which  the  wheels  are  reinforced. 
The  spokes  are  sticured  to  the  felloes  by  shoulder  tenons  and  mortises. 
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With  metal  felloes  the  spokes  are  fitted  into  metal  sockets  which  are 
bolted  to  the  felloe  (Fig.  470).  Tenons  and  mortises  are  employed  to 
fasten  the  spokes  and  nave,  whereas  with  a  metal  nave  the  spokes  are 
usually  pressed  together  between  two  plates  imited  by  bolt«  placed 
between  the  spoke  joints. 

Wooden  wheels  wear  very  well,  and  are  much  more  in  vogue  than 
wheels  with  metal  spokes.  However,  they  have  to  be  tightened  from 
time  to  time  to  remedy  the  looseness  due  to  wear  and  hygroscopic 
variations  which  affect  the  spoke  ends.  To  avoid  this  Gerard 
invented  a  device  whose  performances  are  not  suflSciently  known  to 
permit  of  a  decisive  opinion  being  expressed  on  its  merits,  and  since 
then  the  fitablissements  du  Creusot  has  patented  a  system. 

The  Miilliner  double  artillery  wheel  (Fig.  471)  is  claimed  to  resist 
the  side  strains  imposed  when  rounding  a  comer  or  running  at  a 
slight  angle  across  such  obstacles  as  tramway  lines.  The  spokes 
are  in  two  sets,  not  at  right  angles  to  the  axle,  each  set  springing 
from  one  end  of  the  wide  hub  and  having  its  outer  ends  slightly 
staggered  where  they  fit  into  the  felloe.  The  extra  strength  of  the 
wheel  is  due  to  the  spokes  not  having  to  take  any  side  strain  at 
right  angles  to  themselves,  but  convert  a  component  of  the  side 
strain  into  a  direct  down  thrust.  Its  weight  is  not  greater  than  that 
of  the  ordinary  wheel. 

The  devices  employed  in  order  to  render  possible  the  setting  of 
the  axles  and  the  dishing  of  the  wheels  are  nearly  all  based  on  the 
employment  of  toothed  gear,  as  is  that  of  Foucher  and  Delachanel, 
for  instance ;  the  chainless  systems  of  de  Dion-Bouton  and  others, 
already  described  amongst  the  systems  of  transmission,  also  enable 
setting  and  dishing  with  very  good  results. 

The  second  class  of  wheels  have  steel  spokes  of  small  section ; 
these  wheels  cannot  work  in  compression  as  wooden  ones  do,  but  only 
in  tension.  The  axle  not  being  supported  by  the  spoke  below  the 
nave  that  spoke,  bending  beneath  the  weight,  is  suspended  by  the  one 
above  to  the  top  part  of  the  wheel.  The  spokes  get  larger  in  section 
from  nave  to  felloe.  The  spok^  are  always  arranged  so  as  to  give  the 
wheel  the  aspect  of  two  flattened  cones  welded  by  their  base.  This 
double  dishing  gives  the  wheels  the  advantage  of  resisting,  in  both 
directions,  lateral  shocks  so  frequent  against  kerb-stones  and  against 
rails  without  guards.  The  spokes  may  be  direct  or  tangential 
Direct  spokes  are  placed  radially,  and  to  fix  them  in  position  they  are 
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run  through  a  hole  in  the  felloe,  against  which  they  rest  by  a 
projecting  part,  and  the  end  is  screwed  in  the  nave ;  the  useful  length 
is  r^ilated  by  a  nut  The  tangential  strain  they  support  causes 
them  lo  bend  in  the  direction  in  which  the  car  travels.  Tangential 
spokes  run  from  the  nave  to  their  concentric  circumference,  and  they 
are  fixed  by  the  head  to  the  nave  and  screwed  to  the  felloe.  They 
run  half  in  one  direction,  half  in  the  other,  so  that  the  driving 
may  be  forwards  as  well  as  backwards ;  they  resist  the  moment  of 
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Fig.  470. — SroKB  IN   Bolted  Socket. 


Fie.  471- — Mi'LLctiH   DacBLE   Aktil- 
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torsion  better  than  others ;  this  torsion  tends  to  be  produced  from 
the  nave  to  the  felloe  when  the  latter  is  abruptly  stopped  by  an 
obstacle.  Figs.  472  and  473  represent  two  types  of  naves  for  metal 
spokes  invented  by  Lemoine ;  Fig.  474  gives  a  vertical  section  of  the 
nave  and  a  section  of  the  felloe  of  a  wheel  with  metal  spokes  formerly 
made  by  Peugeot,  who  first  adopted  metal  for  car-wheel  spokes, 
previously  employed  only  for  motor-cycles  and  voiturettes ;  the 
spokes  are  medium  hard  steel,  resisting  100  kg.  per  mm.^  (6349  tons 
per  square  inch)  of  section,  and  there  are  ball  bearings.  Metal  spokes 
are  lighter  than  wood,  but  they  must  be  made  perfect. 

Solid  metal  wheels  are  quite  a  recent  application.     Those  of  the 
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New  York  Electric  Vehicle  Company  have  solid  segraents  instead  of 
Bpokes  made  of  steel,  4  mm.  (157  in.)  thick,  arranged  in  the  same 
truncated  cone  surfaces  as  ordinary  spokes,  so  as  to  leave  between 
them  a  greater  space  near  the  nave  than  near  the  periphery,  where 
they  are  separated  by  a  wooden  felloe  shaped  in  section  like  a 
crescent  to  receive  the  pneumatic  tyre. 

With  regard  to  wheel  tyres,  passenger  cars  are  furnished  exclusively 
with  indiarubbcr  tyres,  which  are  essential  at  great  rates  of  speed  for 


FigB.  472  and  473. — Lbhoixb  Navu  for  Ubtal  Spokes. 
Fig.  471 PEt'oioT  Navk  and  Fellok. 

the  comfort  of  passengers  and  the  preservation  of  the  mechanism. 
Heavy  cars  of  slower  speeds  generally  have  metal  tyres,  but  the 
last  few  years  have  iritncssed  a  marked  tendency  to  adopt  india- 
rubber.  The  plates  of  line  iron  of  the  best  quality  are  centred  cold 
when  the  diameter  of  the  tyre  section  is  very  great,  and  hot  in 
the  opposite  case.  The  ends  are  then  welded  so  that  the  interior 
diameter  of  the  tyre  will  be  exactly  equal  to  the  exterior  diameter  ot 
the  felloe ;  the  tyre  is  fixed  hot  to  the  felloe.  The  hammering  to 
which  the  tyre  is  subjected  chiefly  on  pavements  exerts  destnicti\i' 
efi'ects  on  iron,  especially  when  the  wheels  are  heavily  loaded. 
Maurice  Le  Blant  successfully  employed  for  tractors  and  brakes 
tyres  75  mm.  (295  in.)  wide  of  (a)  iron  of  usual  thickness,  which 
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snapped  very  soon;  (6)  iron  40  mm.  (1*57  in.)  thick,  which  was 
crushed  according  to  the  working  off  in  rolling ;  (c)  steel  40  mm. 
(1*57  in.)  thick,  which  was  soon  crushed  considerably;  the  tjrre 
had  acquired  a  width  of  90  mm.  (354  in.)  at  the  exterior  cir- 
cumference, though  it  retained  that  of  75  mm.  (2*95  in.)  at  the 
inner  circumference.  However,  the  steel  was  extra  soft,  and  hard 
steel  would  have  resisted  much  better.  G.  Brabant  recommends 
steel  giving  a  rupture  strain  of  from  65  kg.  to  70  kg.  per  mm.^ 
(41'26-44'4  tons  per  square  inch),  manufacturing  it  in  the  rolling 
mill  like  a  wagon  tyre. 

Solid  indiarubber  tyres  must  be  secured  firmly  to  the  felloe  to 
prevent  parting,  which  would  make  the  car  unfit  for  work,  and  might 
even  cause  serious  accidents.  They  should  be  made  wide  enough  not 
to  enter  tram  rails.  They  are  fixed  to  the  felloe  by  (1)  pressure,  (2). 
cement,  or  by  (3)  circular  bands  with  or  without  bolts.  For  the 
pressure  method,  the  metal  felloe  is  U-shaped,  each  branch  being  bent 
upwards  so  as  to  enclose  the  tjTC  in  a  cavity  with  a  dovetail  section 
which  secures  it  when  pressed.  This  system  enables  a  tyre  to  be. fixed 
or  removed  without  sending  the  wheel  to  the  works.  There  is  the  dis- 
advantage that  the  part  forming  the  lugs  of  the  dovetail  is  almost  lost 
as  regards  elasticity ;  the  indiarubber  should  not  pass  beyond  the  iron, 
which  would  then  work  in  space.  Angular  parts  must  be  avoided  in 
the  felloe  profile  which,  under  the  influence  of  pressure,  might  tear  the 
tyre.  The  profile  of  the  Vinet  felloe  (Fig.  475)  appears  to  be  devised 
well,  because  the  indiarubber  exerts  pressure  on  all  the  various  points 
and  it  is  inserted  sufficiently  deep  to  hold  the  tyre,  which  also  is 
fixed  to  the  felloe  hot  with  gutta-percha  cement.  The  Clincher  and 
certain  Hannoyer  wheels  also  have  pressed  tyres  (see  Fig.  476).  In 
the  Loubiere  system  (Fig.  477)  the  inserted  part  is  not  thick,  and 
elasticity  is  not  lost ;  transversal  pins  retain  the  indiarubber. 

Buffer  solid  tyres  (Fig.  478)  are  as  simple  as  any  in  use;  the 
rubber  merely  fits  into  the  steel  rim  and  is  held  there  by  pressure. 

For  cementing  on  the  tyres,  the  U-shaped  felloe  has  straight 
branches ;  first  it  is  coated  with  indiarubber  solution  and  a  band  of 
strongly  vulcanised  indiarubber  is  applied ;  then  a  second  band  less 
vulcanised  is  put  on,  and  finally  the  tyre.  All  is  heated  in  a  steam 
chest  usually  at  140°  C.  (284°  F.)  for  two  hours,  to  give  it  the  proper 
cohesion.  This  system  is  said  to  deprive  the  indiarubber  of  some  of 
its  natural  elasticity;  this  is  true  for  the  two  vulcanised  bands,  but 
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to  a  much  less  degree  for  the  tyre  itself.  This  system  necessitates 
the  wheels  being  sent  to  the  works  for  the  tyre  to  be  changed  or 
merely  repaired,  and  it  forms  a  general  structure  defective  in 
uniformity.  Cemented  tyres,  when  well  made,  wear  quite  well  enough, 
say  the  manufacturers,  for  from  5,000  km.  to  8,000  km.  (roughly, 
3,100  to  5,000  miles).  Both  Torrilhon  and  Hannoj^er  employ  this 
method.  Torrilhon's  tyre  is  shown  by  Fig.  479.  Hannoyer  sometimes 
fastens  the  first  band  of  indiarubber  to  the  tyTe  with  screws  whose 
heads  are  buried  in  the  second  band  of  vulcanised  indiarubber  [see 
Fig.  480).  Hannoyer  and  Bouquillon  adopted  this  process  for  wooden 
felloes,  to  which  metal  rims  are  attached  by  long  screws  to  which  the 
tyre  adheres  (see  Fig.  481).  As  the  heat  required  for  vulcanisation 
on  iron  would  destroy  the  wood,  it  is  necessary,  once  the  metal  rim  is 
appUed  hot,  to  withdraw  it  and  not  replace  it  till  after  heating. 

When  circular  bands  without  bolts  are  employed,  the  felloe  is 
U-shaped  and  bell-mouthed,  the  solid  indiarubber  being  retained  in 
it  by  two  steel  rods,  which  form  its  core  and  run  with  it  all  round  the 
wheel  The  widening  out  of  the  felloe  prevents  the  tyre  from  ever 
being  caught  between  the  edge  of  the  felloe  and  the  ground,  and  runs 
no  risk  of  being  cut.  As  the  length  of  indiarubber  employed  is 
greater  than  the  circumference  of  the  wheel,  it  suffices  to  remove  the 
damaged  part  without  replacing  it ;  if  too  long,  another  is  substituted 
for  it,  but  all  the  rest  of  the  tyre  can  be  used  again.  This  system 
ought  to  make  the  tyre  untearabla  It  is  employed  by  Kelly,  who 
uses  as  bands  soft  steel  wires,  electrically  welded  {see  Fig.  482).  Han- 
noyer twists  the  wire  mechanically  instead  of  welding  it,  and  the 
twists  prevent  the  indiarubber  gliding  along  the  wire,  as,  moreover,  do 
the  transversal  projections  on  the  metal  rim  (Fig.  483). 

Circular  bands  with  bolts  are  employed  on  the  Ducasble  tyre  (Fig. 
484),  which  has  a  groove  with  triangular  section  on  the  inside  into 
which  a  hollow  tube  of  the  same  shape  fits.  In  the  centre  of  the  base 
of  the  tube  there  is  a  groove  through  which  the  bolt  heads  are  placed 
and  then  moved  round  one  quarter  turn  to  bring  their  lugs  to  a  right 
angle  with  the  edges  of  the  groove.  The  stems  of  these  bolts  nm 
through  the  steel  U-shaped  rim,  which  receives  the  tyre  and,  it 
necessary,  the  wooden  wheel  felloe ;  each  bolt  is  tightened  by  a  small 
nut  screwed  on  the  end.  The  joint  of  the  tube  is  made  to  fall 
between  two  bolts  nearer  than  the  others  and  not  vertical  to  the 
t}Te  joint,  the   two  ends  of  which  are  cemented  with  indiarubber 
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ff  475— VisKT  PHESBin  Tim.  Fig.  *78.— Climchfe  akd  Han.votbb  Pbebsbd 
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solution.  The  inventor  claims  for  his  system  impossibility  ot 
tearing  away,  possibility  of  employing  a  very  elastic  indiarubber 
merely  surrounded  by  a  cloth,  which  wears  better  than  hard  vul- 
canised indiarubber,  and  (3)  the  faciUty  of  removal  and  fixing,  aiid 
the  replacing  of  worn  parts. 

The  Peters  solid  tyre  (Fig.  485)  is  moulded  round  the  steel  hand 
A ;  B  indicates  hard  rubber,  and  C  a  softer  kind.  It  is  fixed  by  very 
simple  means.  The  smooth  rim  D  has  a  fixed  flange,  E,  and  a 
detachable  one,  F ;  when  the  latter  is  removed  the  tyre  is  slipped  on. 
the  flange  replaced  and  tightened  up  by  means  of  a  screw  with  a 
right  and  left  hand  thread.  Similar  means  are  adopted  for  securing 
the  Peters  pneumatic  tyre. 

Perhaps  the  heaviest  tyre  in  use  is  the  Goodyear  (Fig.  486)  with  a 
diameter  of  127  cm.  (5  in.) ;  its  application  to  the  wheel  is  novel  for 
a.  solid  tyre,  being  practically  identical  with  that  employed  for  the 
Goodyear  pneumatic  (Fig.  496,  p.  469).  .  In  addition  to  cross  bolts.  A, 
passing  from  one  detachable  rim  flange,  B.  to  another,  stout  steel 
wires,  C,  are  embedded  in  the  base  of  the  tyre  lengthwise,  below 
them  being  a  number  of  small  wires  (not  shown)  arranged  trans- 
versely, so  as  to  form  a  kind  of  wire  fabric  inside  the  base  of  the 
tyre.  In  addition,  there  is  a  special  fabric  whose  layers  are  capable  of 
moving  over  one  another.  D  is  the  rim,  and  E  the  felloe  to  which 
the  side  flanges  are  bolted  by  F. 

The  Gare  tyre  has  a  steel  tread,  A,  Fig.  487,  shrunk  over  a  tube. 
B,  which  is  hollow  or  tilled  with  suitable  material,  C ;  this  rests  upon 
a  rubber  cushion,  D,  held  in  the  steel  rim  E,  fitted  upon  a  wooden 
felloe,  F.  The  object  is  to  distribute  the  pressure  over  a  large  section 
of  the  rubber  cushion. 

Compound  tyres  are  solid  tyres,  bu  the  interior  is  formed  of  a 
more  elastic  material  so  as  to  give  about  the  same  resistance  as  a 
solid  tyre  with  some  of  the  pliancy  of  a  pneumatic.  The  tyre  (Fig. 
488)  is  a  jointless  ring  moulded  separately  with  a  pure  indiarubber 
core  and  a  less  clastic  and  more  resisting  indiarubber  exterior.  It  is 
secured  by  bolts  and  wing  nuts  to  the  steel  rim,  which  has  very  broaJ 
flanges  or  ribs  to  protect  the  indiarubber  and,  if  necessar}%  the  wooden 
felloe  against  lateral  shocks  and  friction. 

The  hollow  or  cushion  tyre  is  not  suitable  for  an  automobile- 
at  most  it  might  be  employed  for  a  motor-cycle  or  a  voiturette. 
though  pneumatic  tyres  are  always  better. 
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la  hollow  iodiarubber  tyres,  when  under  the  great  pressure  from 
the  car,  the  resistance  of  the  air  in  the  hollow  part  is  not  sufficient,  so 
that  it  seems  the  tyres  merely  are  equivalent  to  solid  ones  with  a 
reduced  section.  To  make  them  resisting  enough,  Torrilhon  forms  the 
air  chamber  of  a  series  of  cells  separated  from  each  other  by  radial 
partitions.  This  air  chamber  is  cemented  to  the  other  part  of  the 
tyre  which  suiToimds  it,  and  this  in  turn  is  cemented  to  the  metal  rim. 
Ducasble's  tyre  (Fig.  4S9)  has  a  space  above  the  metal  lube ;  this 
tube  has  a  tough  rectangular  section. 


Hg.  4ST.  Fig.  «8.  Fig.  489. 

Rg.    4B4.— DUCAKBLB    TyBE,   WITH    BaND  AND    BoLTf.      Fij.    485.— PbTBHS    SoLlD   TyBB. 

Fig.  486.— OooDYiAR  Solid  Tyre.  Fig.  487.~Oabb  Solid  Tyrb,  with  Steel 
Tbbad.  Fig.  488.— Tyi'ICal  Comfol-nd  Tybb.  Fjg.  489,— Dl-cabble  Hollow 
Tttee. 

The  Siewell  cushion  tyre  (see  Fig.  490)  appears  to  be  com- 
posed of  rubber  balls,  projecting  at  intervals  from  a  flat  tread  raised 
slightly  above  the  wheel  felloe.  Actually,  each  "ball"  is  a  hemi- 
spherical, hollow  piece  of  rubber.  A,  with  a  square  ba^e,  to  which  is 
cemented  a  flat  sheet  of  rubber;  a  hard  rubber  plug,  C,  forms  a 
key  in  the  lower  part  of  the  chamber ;  the  square  base  D  is  tapered 
to  fit  the  flanged  rim  E.  Below  each  hemisphere  the  wheel  felloe  F  is 
cut  away,  so  that  the  air  in  G  cushiom^  the  compression  of  H.  The 
t\Te  is  made  up  of  a  number  of  these  sections,  secured  by  metal 
plates  arranged  radially  on  edge  between  them,  and  keying  into  the 
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flanged  rim.  Small,  hard  rubber  wedges  are  forced  in  between  the 
plates  and  the  rubber  blocks ;  in  the  plates  are  slots  into  which  fit 
other  metal  plates,  shaped  to  encircle  half  one  of  the  projecting 
hemispheres.  When  these  second  plates  are  forced  down  into  place, 
they  touch  each  other  at  the  sides  of  each  hemisphere,  and  are  not 
liable  to  get  displaced  when  in  use.  When  unloaded  and  running 
slowly,  a  single  tyre  has  a  "  bumpy "  action,  but  this  is  hardly  per- 
ceptible when  the  weight  and  speed  are  greater.  The  tyre  is  barely 
affected  by  the  puncture  of  one  hemisphere,  which  can  be  left  as  it 
is  for  a  time  or  replaced  very  quickly. 

Another  ball  tyre  is  the  Germain-Littinger,  which  has  a  number  of 
inflated  oval  balls,  with  thick  rubber  treads,  mounted  equidistantly 
The  rubber  base  has  side  beads  fitting  into  the  rim  flanges. 

The  Ferree  cushion  tyre  has  an  inner  tube  of  rubber  balls  strung 
on  a  cord  and  held  apart  by  separators.     There  is  a  thick  outer  cover. 

Pneumatic  tyres  are  becoming  more  and  more  common,  in  spite 
of  punctures,  bursts,  and  expense  of  repairs. 

They  greatly  soften  vibrations  and  decrease  the  traction  strain. 
Michelin's  experiments  clearly  demonstrated  these  facts.  De  Mauni 
has  demonstrated  that  of  two  wheels  equally  loaded  and  with 
equivalent  contact  surfaces  the  wheel  that  rolls  the  better  is  that  with 
the  most  elongated  contact.  In  the  case  of  a  wheel  with  rigid  tyre 
this  elongation  can  be  obtained  only  by  an  increase  of  the  diameter, 
always  very  limited,  so  that  the  wheel  makes  a  track  and  sinks 
proportionally  to  the  load  of  the  vehicle.  With  an  indiarubber  tyre, 
on  the  contrary,  elongation  of  the  contact  is  obtained  not  from  the 
diameter  but  the  elasticity  of  the  rolling  surface ;  here,  instead  of 
leaving  a  track  and  sinking,  moulding  the  ground,  the  tyre  yields, 
spreads  out  until  the  area  of  contact  is  sufficient  for  the  sum  of  the 
pressures  to  equilibrate  the  weight  of  the  system.  From  this  it  can 
be  understood  why  the  indiarubber  tjrre  decreases  the  resistance  to 
rolling,  and  also  why  the  pneumatic  tyre  is  superior  to  the  solid ;  the 
first  becomes  elongated  under  the  weight  of  the  wheel  differently  from 
the  second.  Elasticity  limits  the  effect  in  'the  solid  tyre  to  the  part 
near  the  groimd,  which  is  for  the  moment  compressed,  whereas  in  ihe 
pneumatic  tyre  effects  of  this  compression  instantaneously  spread 
over  the  circumference  of  the  tyre,  the  seat  of  the  elasticity  here 
being  an  air  cushion  under  pressure  the  molecular  actions  and 
reactions  of  which  are  propagated  mthout  perceptible  work. 
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The  pneumatic  tyre  has  one  defect  apart  from  the  liability 
of  punctures.  As  has  been  said.  Id  order  to  reduce  the  resistance  to 
rolling  it  is  necessary  to  make  the  contact  surface  as  long  and  as 


Fig.  490,— Skwill  Ball  Trtts.  Fig.  <S1.— Di'nlop  Pniumatic  Ttkb.  Figa.  492  ftud 
493.— MiCHiLW  PsBuuAKC  TvKB  ANii  BoLT.  Fig.  494.— Goodkicr-Clinchbb 
FxivHAnc  TiBK.     Fig.  49G. — CLippiit-CoNTii(B.vTAL  Pnediiatic  Tvuu 

narrow  as  possible ;  whilst  the  tyre  elongates  under  the  pressure  of 
tho  car  it  also  expands  transversally.  This  is  a  defect,  and  explains 
why,  at  a  given  moment,  an  increased  traction  strain  may  result  from 
a  greater  elasticity,  and  why,  consequently,  when  the  road  is  good. 
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the  tyre  should  be  milated  to  the  fullest  extent  The  question  as  to 
what  is  the  best  degree  of  inflation  thus,  is  very  complex,  being 
dependent  on  the  variable  condition  of  the  road ;  probably  a  very- 
lucid  answer  to  the  question  cannot  be  given.. 

The  pressure  of  the  air  on  the  chamber  of  a  pneumatic  tyre  is 
about  4  kg.  per  cm.^  (56  lb.  per  sq.  in.)  with  Ught  cars,  and 
from  5  kg.  to  6  kg.  per  cm.^  (71  lb.  to  85  lb.  per  sq.  in.)  with 
heavy  cars.  The  diameter  of  the  tjrres  is  on  the  increase,  and 
Michelin  now  manufactures  some  having  a  diameter  of  120  mm. 
(4*7  in.),  and  the  Anciens  Jfitablissements  make  some  130  mm. 
(51  in.)  in  diameter  for  2-ton  cars,  and  certainly  the  size  will  be 
increased  further.  In  wheels  with  metal  spokes  the  tyre  is  fixed  to 
the  rim,  which  itself  is  fixed  to  the  spokes.  In  wheels  with  wooden 
spokes  the  metal  rim  to  receive  the  tjrre  is  applied  hot  on  the  wooden 
felloe,  to  which  it  is  secured  by  flat- headed  screws;  sometimes,  how- 
ever, there  is  no  wooden  felloe  and  the  metal  rim  is  appUed  hot  on 
the  metal  sockets  on  the  spoke  tips,  to  which  it  is  fastened  with 
flat-headed  screws  or  rivets. 

There  is  a  great  variety  of  pneumatic  tyres  for  automobile  use, 
and  nearly  twenty  are  described  briefly  below ;  but  not  many  more 
than  half  that  number — and  they  are  those  immediately  following — are 
in  popular  use. 

The-  Dunlop  pneumatic  motor  tyre  formerly  was  wired  on,  but 
this  type  is  only  supplied  now  to  fit  existing  rims,  and  the  new 
beaded  edge  tyre  (Fig.  491)  is  the  one  recommended  by  the 
makers.  The  outer  cover  A  has  a  thick  rubber  tread,  in  which  are  a 
few  strands  of  fabric,  B,  on  the  inner  side  being  thick  canvas,  C.  D 
shows  the  inner  tube.  The  hard  rubber  £  assists  the  bead  F  to  keep 
a  good  hold  of  the  rim  G,  which  is  secured  to  the  felloe  with  bolts 
and  wing-nuts.  The  Dunlop  non-skidding  cover  has  given  highlv 
successful  results ;  it  has  semicircular  cross  grooves  nearly  19  mm 
(•75  in.)  wide  at  intervals  of  about  25*4  mm.  (1  in.);  the  tread  is 
particularly  thick,  the  thickness  at  the  bottom  of  the  grooves  bem? 
the  same  as  in  an  ordinary  cover. 

The  Michelin  pneumatic  tyre  is  shown  in  section  with  the  valvo 
by  Figs.  492  and  493.  It  is  maintained  in  the  steel  rim  by  two 
flanges,  which  wedge  each  other  in  the  tyre  hooks  by  four  bolt5, 
similar  to  that  shown  in  Fig.  493,  which  terminate  inside  by  a  V. 
the   two  branches  of    which   nip   the  flanges   and   the  wheel  rim 
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and  complete  the  adherence  of  tyre  and  wheel.  In  Figs.  492 
and  493  A  is  the  valve  body,  B  the  valve  central  piece,  C  nut, 
D  cap,  E  spindle,  F  indiarubber  disc,  G  N  and  U  indiarubber 
washer,  H  large  nut,  I  nut  within  rim,  J  plate,  L  needle, 
M  and  V  copper  washer,  O  obus,  P  bolt,  Q  wing  nut,  S  hood, 
T  leather  plug,  W  protecting  tread  of  outer  cover,  X  air 
chamber. 

Practically  the  same  tyre  is  known  in  France  as  the  Michelin, 
in  Great  Britain  as  the  Bartlett-Clincher,  or  Clincher-Michelin,  in 
Germany  as  the  Continental,  and  in  America  as  the  "  C  and  J,"  or 
Goodrich-Clincher  tyre.  Fig.  494,  showing  one  kind  of  the  last- 
named,  may  be  compared  with  Fig.  492.  In  Fig.  494  A  is  the  outer 
cover,  B  the  inner  canvas  layer — the  inner  tube  is  thickened  and 
fabric-strengthened  at  D — E  is  the  rim,  F  shows  hard  rubber 
"  clinchers,"  G  rim  protection  strip,  H  washer,  J  bridge,  K  bridge 
nut,  L  lock  nut,  and  M  valve  stem. 

The  Clipper-Continental  tyre  (Fig.  495)  has  a  broad  tread,  A, 
sometimes  corrugated  to  oppose  skidding.  B  is  the  inner  tube. 
The  beaded  edges  C  fit  into  the  rim  D.  Another  kind  of  Clipper- 
Continental  tyre  has  round  metal  studs  with  heads  or  faces  con- 
taining cross  corrugations  which  form  numerous  points.  They  are 
let  into  the  thickened  tread,  and  screwed  into  metal  seats  embedded 
in  the  canvas  of  the  outer  cover.  The  studs  wear  away  more 
quickly  than  the  rubber,  and  can  easily  be  unscrewed  and  re- 
placed with  fresh  ones. 

In  the  Goodyear  tyre  (Fig.  496)  the  outer  cover  comes  together 
near  the  felloe  in  two  thick  rings  of  solid  rubber,  A  A^,  which  are  held 
together  by  detachable  rims  and  bolts,  B.  Bolts  C  D  secure  the  rims 
to  the  wheel  felloe,  and  to  remove  or  replace  the  tyre  only  one  rim 
need  be  taken  off.  The  inner  tube  K  is  protected  by  a  rubber  flap  from 
injury  where  A  A^  are  brought  together.  Thin  wires,  W,  cross  one 
another  throughout  the  whole  circumference  of  the^  solid  portions  of 
the  tyre ;  and  as  the  tyre  expands  with  pumping,  the  expansion  tends 
to  shorten  the  effective  length  of  the  twisted  wires  and  so  grip  the 
tyre  more  firmly  to  the  wheel  felloe.  Fabric  J  is  woven  into  the 
outer  case.  A  set  of  these  tyres  is  stated  to  have  run  nearly 
13,000  km.  (8,000  miles)  on  a  30-h.p.  Daimler  car  without  puncture 
or   accident 

The  Collier  tyre  (Fig.  497)  has  a  very  thick  rubber  tread,  A,  the 
E  E  2 
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outer  cover  B  being  well  strengthened  with  canvas.  The  rim  C  is 
flat,  the  curve  of  its  projections,  D,  being  very  slight  The  tyre 
is  secured  around  the  rim  by  galvanised  rods,  E,  inside  wire  spirals,  F, 
and  the  makers  emphasise  the  absence  of  "  creeping,"  that  is,  relative 
rotative  movements  between  tyre  and  rim.     G  is  the  inner  tube. 

The  outer  cover  of  the  Toni  tyre  (Fig.  498)  ends  in  square  portions 
A,  which  fit  into  rebates  cut  on  the  wheel  felloe  B,  which  has  a  well- 
secured  steel  rim  C,  wider  than  the  felloe  itself ;  the  ends  A  fit  in 
between  the  rim  G,  felloe  B,  and  flanges  D,  the  last-named  being 
secured  by  bolts,  R  The  cover  contains  three  pieces  of  canvas 
providing  six  plies,  F,  in  the  wall,  and  nine  plies,  G,  in  the  tread ;  the 
canvas  passes  round  the  inside  of  the  cover,  then  around  the  hard 
rubber  cores  forming  the  parts  A,  and  then  both  of  its  edges  are 
carried  round  so  as  to  interlock  at  the  top.  One  object  of  this  is  to 
avoid  the  edges  ending  at  any  place  where  they  are  exposed.  The 
canvas  layers  are  in  contact  with  each  other,  and  are  not  insulated 
with  rubber.  In  manufacture  the  canvas  part  is  given  a  layer  of  soft 
rubber,  H,  and  partially  vulcanised  before  adding  the  hard  rubber 
tread  J.  In  Fig.  498  the  thickness  of  the  canvas  G  in  the  tread  is 
exaggerated  to  better  show  the  build  of  the  tyre ;  actually  there  is  a 
thickness  of  the  soft  rubber  H  between  the  canvas  G  and  the  hard 
rubber  tread  J.  The  threads  of  the  canvas  are  at  an  angle  across  the 
tjrre*  Hard  rubber  tongues,  K,  are  fixed  to  the  cover,  and  lie  upon 
the  steel  rim  C  to  prevent  the  nipping  of  the  inner  tube  L  between 
cover  and  rim.  The  shape  of  the  inner  tube  and  its  position 
relatively  to  the  felloe  have  been  determined  with  a  view  of  prevent- 
ing rolling,  and  so  avoiding  disruptive  action  on  the  cover  between 
the  flanges  D  and  the  rim  C. 

The  Fisk  is  an  American  tyre  (Fig.  499)  employed  on  the 
Locomobile  new  dos-k-dos.  Its  air  chamber  is  quite  outside  the 
rim,  which,  indeed,  is  flat  where  the  tyre  is  attached.  The  outer 
cover  has  projections  which  are  held  down  to  the  rim  by  clips 
acting  on  metal  rings.  The  inner  part  of  the  outer  cover  is  of 
canvas,  and  there  is  an  inner  tube.  The  Jackson  duplicate  tw 
(Fig.  500)  has  a  broad  base ;  between  the  two  inner  tubes  A  is  a 
flexible  canvas  partition,  so  that  when  one  tube  gets  punctured  the 
other  may  be  given  extra  inflation,  sufficient  to  keep  the  tjTe  in  use. 
The  tread  and  outer  cover  C  is  secured  to  the  rim  D  with  metal 
flanges,  E,  and  these  are  tightened  by  a  screw  not  shown.     Each  inner 
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tube  has  a  valve  connection,  F.  The  Holbom  tyre  in  section  showa  a 
pointed,  hard  rubber  band  shaped  like  a  Gothic  arch.  The  elliptical 
inner  tube  has  a  thick  canvas  covering  and  pointed  soft  rubber  nose. 
A  rim  is  embedded  in  the  canvas  covering  of  the  inner  tube,  and  it  is 
secured  to  the  wheel  rim  by  bolts  and  fly-nuts.  The  shape  renders 
punctures  difficult,  and  the  mside  canvas  is  further  protection. 

The  Rucker  unburstable  tyre  (Fig.  501)  has  a  rubber  tread.  A, 


Fig.      49fi.  —  GtWDVEAft      pNEITMiTIC      TvKR.  Fig.      497.  —  CoLLIHB       FHEUMATli:      TtRE. 

Fig.  498.— ToNi  PsBVMATic  Ttbb.    Fift.  499.— FisK  PNFiMiTic  Tire.    Fig.  500.— 
Jackson  DrpuCATK  Ttke.     Fig.  fiOl  — Rlokbk  Pkedmatic  Tyrb. 

i-ontaining  a  band  formed  of  several  layers  of  thread  wound  circum- 
fercntially  and  prevented  from  spreading  sideways  by  a  single  canvas 
layer,  B.  An  inner  band,  C,  is  built  up  of  alternate  blocks  of  wood 
and  rubber  of  the  shape  shown  in  section,  embedded  in  soft  rubber,  D, 
which  distributes  the  transverse  flexion  over  the  sides  of  the  tyre. 
The  walis  E  of  the  cover  arc  of  fabric,  having  isolated  transverse 
threads  only  supported  on  each  side  by  canvas  in  which  the  threads 
run  diagonally ;  thus  the  walls  are  very  thin.  The  unburstable  inner 
tube    F,  with    embedded   threads,  is  a  special  feature,  and  it  is 
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compelled  to  take  the  shape  shown,  by  the  peculiar  construction  of 
the  outer  cover.  Rectangular,  hard  rubber  beads,  G,  are  secured  to 
the  edges  of  the  cover  and  enable  the  tyre  to  be  fixed  in  place ;  they 
are  secured  by  a  wide  metal  band,  H,  which  is  made  to  tighten  on 
them,  its  ends  sliding  over  one  another. 

All  the  pneumatic  tyres  yet  described  are  of  the  double-tube 
order,  but  single-tube  tyres  are  largely  used,  and  four  examples  may 
be  noted.  The  Martin  single-tube  tyre  (Fig.  502)  is  so  made  that 
its  interior  is  easily  accessible  for  examination.  The  wooden  felloe.  A, 
has  a  serrated  steel  rim,  B,  and  the  horseshoe  section  cover  C  has  a 
rubber  tread,  D,  a  central  canvas  material,  E,  and  an  inner  rubber 
surface,  F;  its  sides,  C,  fit  over  the  felloe  and  are  clamped  in  place 
by  the  aluminium  alloy  flanges  G,  which  have  inner  serrated  faces 
which  combine  with  the  serrations  in  felloe  and  rim  to  give  a  good 
grip  on  the  tyre,  and  to  form  an  air-tight  joint.  Bolts  H  pass 
through  flanges,  tyre,  and  felloe.  Wood  and  metal  surfaces  in 
contact  with  the  tyre  are  coated  with  a  preparation  to  prevent 
chemical  action  on  the  rubber ;  veloril  now  is  in  use  for  that  purpose. 
The  valve  J  passes  through  felloe  and  steel  rim,  and  is  a  rigid  fixture, 
being  no  part  of  the  actual  tyre.  The  appearance  of  the  whole  is 
improved  by  making  the  felloe  meet  the  flanges  at  K,  so  hiding  the 
edges  of  the  cover.  The  New  York  single- tube  tyre  (Fig.  503)  has 
an  outer  rubber,  A,  in  which  layers  of  fabric,  B,  are  embedded.  C 
is  the  central  air  space.  Into  the  metal  piece  D  screws  bolt  E, 
through  felloe  F.  At  the  base,  G,  the  tyre  expands  and  rests  on 
metal  rim,  H,  and  against  flanges,  J,  made  detachable  by  cross  bolts, 
K  The  Diamond  is  a  single-tube  pneumatic  tyre  (Fig.  504)  popular 
in  America ;  it  is  strengthened  with  fabric,  A,  fits  into  a  semicircular 
rim,  B,  and  is  secured  by  the  rim  C.  The  Penna  tyre  (Fig.  505) 
resembles  the  Diamond ;  nominally  a  single-tube  tyre,  it  actually  is 
a  double  tube,  the  layers  of  rubber,  A,  being  separated  by  a  layer 
of  fabric,  B. 

The  plating  of  pneumatic  tyres,  done  by  placing  on  them  metal 
segments  which  replace,  and  are  supposed  to  be  more  effective  than, 
the  rubber  on  the  ordinary  outer  cover,  is  condemned  by  de  Mauni, 
who  considers  that  the  protective  cover  should  be  left  as  pliant  as 
possible. 

The  Sampson  protected  pneumatic  double-tube  tyre  (Fig.  506)  has 
a  leather  belt,  A,  secured  by  copper  rivets,  B,  whose  expanded  ends 
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are  prevented  from  injuring  the  canvas  fabric,  C,  by  the  leather,  D, 
beneath  the  outer  rubber,  E.  Between  E  and  the  rim  F  ia  a  alight 
protective  thickness  of  leather,  G.     H  shows  the  inner  tube. 

The  Chameroy  armoured  pneumatic  tyre  (Fig.  607)  has  metal 
bands.  A,  fixed  by  rivets  whose  ends  are  kept  from  chafing  the  ioner  , 


Fig.    602.— Mabtm    PMEUMAnc    Tybe. 
Fig.   604.  — Diamond   Pkbvuatio  1 
Tig.  606. — Sahpboh  Pkotictid  Tvhi 


Pig.  603.  — Nbw  Youk  Pneumatic  Tibe. 
BE.  Fig.  'SOS.- Pekma  Pnbvkatic  Tyb», 
Fig.  t07.— CsAMBEOT  Abhouhbd  Time. 


tube,  B,  by  a  layer  of  suitable  material,  C.     Detachable  steel  pieces, 
T>,  fit  over  the  bands,  A  ;  they  requne  to  be  sprung  into  place. 

Air  pressures  for  pneumatic  tyres  cannot  be  stipulated  with  any 
certainty,  but  the  minimum  should  be  as  follows: — For  light  cars 
with  tyres  of  65  mm.  to  85  mm.  (256  in  to  S'Sl  in.)  section  and  with  axle 
loads  of  100  kg.  to  272  kg.  (220  lb.  to  600  lb.),  the  pressure  should 
be  from  225  kg.  to  28  kg.  per  cm.=  (32  lb.  to  40  lb.  per  sq.  in.) ;  for 
heavier  cars  with  the  same  si2e  tyres,  but  with  axle  loads  of  164  kg. 
to  204  kg.  (450  lb.  to  900  lb.),  the  pressure  should  bo  from  2-8  kg. 
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to  3*9  kg.  per  cm.^  (40  lb.  to  56  lb.  per  sq.  in.) ;  and  for  the  heaviest 
cars,  with  tyres  from  65  mm.  to  120  mm.  (2*56  in.  to  472   in.)  in 
section  and  axle  loads  of  318  kg.  to  907  kg.  (700  lb.  to  2,000  lb.),  . 
the  pressure  may  range  from  3*9  kg.  to  7*8  kg.  per  cm.^  (56  lb.  to 
112  per  sq.  in.). 

Of  side-slip  preventers,  other  than  shaped  or  studded  tyre  treads, 
the  Williams  and  the  Parsons  inventions  may  be  briefly  noted.  The 
Williams  arrangement  is  to  let  down  into  engagement  with  the  road 
a  pair  of  sharp-edged  disc  wheels.  The  Parsons  device  comprises  two 
hoops  fastened,  one  each  side,  against  the  edges  of  the  wheel  rims; 
one  hoop  is  endless  and  the  other  has  a  coupling  for  adjustment. 
Fine  mesh  chain  is  threaded  zigzag-wise  over  the  tyre  (see  Fig.  508) 
from  one  hoop  to  the  other.  The  chain  must  be  slack  so  as  to  move 
relatively  with  the  tyre  (the  hoops  are  found  to  move  round  slightly 
more  slowly  than  the  wheels),  so  that  the  chains  do  not  continue  to 
press  on  the  same  part  of  the  tyre.  This  device  has  proved  to  be  an 
absolute  preventive  of  sideslip,  and  the  wear  and  tear  and  the 
tendency  to  diminish  speed  consequent  upon  the  use  of  such  a 
device  are  stated  to  be  only  slight. 

The  elasticity  of  the  wheels  just  treated  is  all  outside  the  rim  of 
the  wheels,  though  endeavours  have  been  made  to  have  it  inside. 
In  an  American  wheel,  probably  reserved  for  the  bicycle,  each  spoke 
was  a  steel  foil  with  its  point  hinged  to  the  felloe ;  the  felloe  had  a 
series  of  hinges  by  which  it  could  be  bent  and  placed  flat  on  the 
groimd.  De  Mauni  has  manufactured  several  wheels  of  this  type 
since  1875,  though  they  have  not  been  adapted  for  modern  auto- 
mobiles. The  difficulties  of  construction  are  very  great,  and  their 
flexibility  causes  injurious  lateral  displacements  of  their  centre  of 
gravity. 

A  spring  wheel  was  exhibited  by  Roussel-Lecomte  at  the  Paris 
Salon,  1902.  -  It  has  neither  spokes  nor  guides,  but  flat  springs 
connect  the  rim  to  the  hub  and  are  bent  so  as  to  pass  from  hub  to 
felloe  and  back  again.  They  alone  support  the  car  and  give  flexibility 
to  the  wheel.  The  rim  is  connected  by  spiral  springs  with  a  disc 
fixed  to  the  hub  and  lying  on  the  inner  side  of  the  wheel ;  they  are 
placed  tangentially  and  take  the  drive.  The  tyre  is  solid  rubber, 
These  wheels  have  had  a  practical  test  on  a  Gardner-Serpollet  car, 
but  the  result  is  not  known. 

Other  inventors  have  placed   the  elasticity  in  the  nave  itself; 
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Ballin  inserts  indiarubber  washers  between  the  axle  box  and  the  top 
part  of  the  nave.  In  another  system,  a  metal  piece  is  in  the  centre  of 
the  wheel ;  exteriorly  this  metal  piece  is  star-shaped  and  is  covered 
exactly  by  a  regular  indiarubber  tyre ;  the  wheel  strictly  so  called  is 
mounted  on  the  nave  thus  constituted.  The  spokes  are  metal  with  a 
cruciform  section,  and  the  rim  is  composed  of  a  wooden  centre 
between  two  metal  parts,  the  spokes  of  the  wheels  being  fixed  to  one 


Fig.  508. — Tyre  with  Pabsons  Side-slip  Prevbkter. 


and  the  other  rolling  on  the  ground.  B^guin  constructs  an  ingenious 
wheel  of  metal,  and  in  various  parts  of  it  places  pieces  of  indiarubber  ; 
in  particular  there  is  a  sleeve  around  the  nave  box  between  the  discs 
which  secure  the  spokes,  and  sheaths  in  the  V  which  the  spokes  form 
in  their  junction  with  the  nave.  However,  in  most  of  these  wheels 
the  surface  of  contact  does  not  elongate  imder  pressure,  but  vibra- 
tions merely  decrease,  so  that  for  several  of  them  a  pneuiuatic  tyre  is 
employed  to  lessen  the  traction  strain.  Hitherto  it  has  been  im- 
possible to  construct  wheels  which  could  decrease  resistance  to  rolling 
without  employing  elastic  tyres. 
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CHAPTER    XIV. 

SPRINGS,     FRAMES,     AXD     BODIES. 

The  springs  by  which  the  underframe  of  an  automobile  rests  on  the 
axles  must  fulfil  three  conditions^  They  must  afford  a  sufficient 
resistance  and  elasticity  to  support  their  load  ^rithout  their  shape 
being  altered  permanently,  their  flexibility  must  deaden  the  effect  of 
jolts  on  the  car  and  passengers,  and  they  must  decrease  the  resistance 
to  rolling.  It  is  evident  that  by  preventing  everything  above  them 
from  having  to  jump  at  each  jolt,  springs  decrease  the  loss  of  kinetic 
energy  due  to  inequalities  of  the  road  The  quality  of  the  steel  of 
which  it  is  tnade  is  a  great  factor  in  the  value  of  a  spring ;  the  finest 
variety  is  selected,  and  it  is  hardened  and  tempered  in  a  very  delicate 
manner;  indeed,  all  the  operations  in  the  manufacture  of  springs 
always  have  to  be  entrusted  to  specialists.  Steel  should  not  be 
used  unless  it  gives  without  permanent  deformation  an  elongation  of 
7  per  1,000,  and  in  calculating  the  resistance  of  a  spring  the  plate 
which  works  most  is  not  to  undergo  an  elongation  of  more  than 
5  per  1,000-  The  plates,  varying  in  thickness  from  5  muL  to  10  mm. 
(196  in.  to  -393  in.),  and  in  length  from  0*8  ul  to  11  ul  (31'6  in.  to 
43'3  in)  for  the  main  blade  of  ordinary  springs,  are  centred 
according  to  cylindric  surfaces  of  suitable  profile.  The  curve  radii 
decrease  from  the  main  blade  to  the  smallest.  If  the  elongation  and 
the  strain  are  to  remain  the  same  in  all  the  blades  their  thickness 
also  must  decrease  gradually,  a  condition  aimed  at  in  practice.  To 
compare  the  flexibility  of  several  springs  a  unit  of  pressure  is  taken, 
100  kg.  (220  lb.),  for  example,  the  decrease  of  flexion  they  undei^o 
under  this  pressure  being  measured.  Within  the  weight  limits  of 
modem  automobiles  this  decrease  per  unit  may  be  taken  as  constant 
for  a  same  spring,  and  consequently  the  flexion  of  this  spring  is 
proportional  to  the  pressure. 

The  chief  types  of  springs  are  five  in  number.  First,  the  straight 
springs  have  rolls  above,  as  in  Fig.  609,  and  rolls  below  when  the 
springs  are  made  to  curve  in  the  opposite  direction,  and  opposite 
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when  one  roll  is  above  and  the  other  below.  These  rolls  usually  are 
formed  by  coilmg  the  ends  of  the  chief  blades.  Rarely  these  ends,  or 
one  of  them,  are  left  straight,  so  that  they  can  be  inserted  in  slides 
made  in  the  underframe  of  the  carriage ;  in  that  case  these  springs 
are  called  slide  springs.    As  a  rule  they  are  formed  of  five  blades 


Fig.  509. — Straight  Sphixo  with  Rolls.     Fig.  610.— Straight  Sprino 

WITH  Eight  Blades. 

though  for  heavy  vehicles  there  may  be  as  many  as  eight  (see 
Fig.  510).     These  straight  springs  are  very  suitable  for  heavy  loads. 

The  second  kind  is  the  nipper  spring,  composed  of  straight, 
opposite  springs  hinged  together;  according  to  the  form  of  their 
joints  these  springs  have  hinges  or  loops,  or  sometimes  a  crook. 

The  third  kind  is  the  half-nipper  springs,  the  top  part  of  which,  as 
compared  with  the  preceding,  consists  simply  of  half  a  straight  spring. 


Fig.  611. — Ceb  Spuing  with  Hinge. 
Fig.  512. — Ceb  Spring  without  Hinge. 


Cee  springs,  the  fourth  kind,  are  thus  designated  because  they 
have  the  form  of  the  letter  C.  The  body  of  the  car  is  supported  at 
the  rear  by  leather  braces  suspended  to  the  end  of  the  Cee  spring. 
They  deaden    shocks    in    the    longtitudinal    direction    as   well   as 
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vertically.  They  have  a  good  appearance,  but  are  very  expensive,  and 
consequently  are  reserved  for  the  most  fashionable  carriages  and 
certain  voiturettes ;  the  Darracq  electric  coupe,  the  Auge,  and  the 
Lepape  cars  have  these  springs.  Fig.  511  represents  a  Cee  spring 
with  hinge,  and  Fig.  512  a  Cee  spring  without  hinge,  in  which  the 
exterior  blades  run  from  one  end  to  the  other ;  both  of  these  are  made 
by  Bail  and  Pozzi.  Fig.  513  is  a  Hannoyer  Cee  spring  which  has 
been  adopted  for  the  Darracq  coupe.  The  leather  brace  winds  on  a 
piece,  of  toothed  iron.  Sometimes  the  nipper  and  Cee  springs  are 
combined,  as  in  the  Bail  and  Pozzi  type  (Fig.  514). 

Spiral  springs  form  the  fifth  kind.     These  are  coiled  springs,  quite 


Fig.  613. 
Fig.  514. 


Pig.  514. 

-Ceb  Spring  with  Leather 
Brace. 

-Combined  Cee  and  Nipper        ,_  j 
Spring. 


different  in  form  to  the  preceding.  Fig.  515  represents  one  of  the 
types  made  by  the  Compagnie  des  Hauts-foumeaux.  They  support 
considerable  loads,  and  some  of  them  are  flattened  only  under  a 
pressure  of  eight  tons,  though  they  weigh  only  16  kg.  (35-2  lb.) ;  con- 
sequently they  are  often  employed  for  heavy  vehicles. 

The  suspension  implies  the  number  of  springs  by  means  of  which 
the  axles  support  the^  main  frame  with  motor,  transmission  gear,  and 
the  body.  In  the  most  common  system  the  frame  is  suspended 
above  the  axles,  the  body  being  rigidly  fixed  to  it ;  then  the  trans- 
mission gear  (chains  or  longitudinal  shaft)  must  have  sufficient 
pliancy  to  allow  the  motor  to  follow  the  relative  displacements  of  the 
axles  w^hen  the  flexion  of  the  springs  changes.  This  system  protects 
the  motor  against  jolts,  though  the  passengers  are  affected  by  the 
vibration.  In  a  second  system  the  frame  rests  on  the  axles  without 
springs,  and  then  the  transmission  between  motor  and  axle  can  be 
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rigid  and  the  body  is  suspended  above ;  thus  it  is  free  from  motor 
vibrations,  though  the  motor  suffers  from  jolts.  In  a  third  system 
the  frame,  is  suspended  above  the  axles  with  the  motor  and  trans- 
mission, which  are  always  interdependent  with  it,  and  the  body  is 
suspended  above  the  frame ;  thus  both  motor  and  passengers  are  not 
subjected  to  the  effect  of  vibrations. 

Double  suspension  evidently  is  good  but  complicates  the  car. 
With  it  the  transmission  must  be  pliant,  although  when  the  frame 
is  suspended  only  in  front  a  rigid  transmission  can  be  employed  in 
the  rear.  The  object  of  the  suspension  is  to  prevent  inertia  of  the 
car  and  to  intervene  when  the  car  is  in  collision 
with  an  obstacle.  To  do  this  it  must  allow  the 
vehicle  to  rock  in  all  directions  —  vertically, 
longitudinally,  and  transversally.  But  when 
chains  are  employed  for  transmission  trans- 
versal vibration  must  not  be  too  much,  or 
the  wheels  gearing  with  the  chains  will  have 
to  be  furnished  with  cheeks.  Nipper  springs 
allow  vertical  displacements,  not  much  longi- 
tudinal displacement,  and  hardly  any  trans- 
versal displacement.  When  the  car  has  a 
pivoted  fore-carriage  these  springs  are  suitable 
only  when  they  •  are  light ;  on  this  condition 
only  can  they  maintain  the  crown  of  this 
fore-carriage  in  a  plane.  Springs  with  a  single  blade  favour  trans- 
versal vibrations  because  the  blade  twists.  In  order  to  permit  the 
variations  which  result  from  this  torsion  in  the  horizonal  spacing  of 
the  two  extremities  of  the  blade,  side-pieces  are  employed  uniting 
each  of  its  ends  to  a  metal  piece  forming  one  with  the  frame.  Some- 
times the  extremities  of  the  springs  are  joined  on  both  of  the  sides 
by  a  transversal  blade,  which  in  its  centre  supports  the  frame.  In 
transmitting  motion  from  springs  to  the  body  and  non-driving  axle, 
the  blades  of  the  springs  must  work  by  extension.  For  this  condition 
to  be  fulfilled  when  the  driving  wheels  are  in  the  rear,  which  is  usually 
the  case,  the  rear  blade  of  the  spring  fixed  to  the  motor  axle  must  be 
attached  to  the  frame  by  rolls,  whilst  the  front  blade  is  fixed  to  the 
fore  axle.  The  side  pieces  must  likewise  be  placed  at  the  front  ex- 
tremity of  the  rear  spring  and  the  rear  extremity  of  the  front  spring. 

Forestier  considers  that  when  pneumatic  tyres  are  employed  for 


Fig.  615. — Sfibal 
Spring. 
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vehicles  weighing  one  ton  per  axle,  the  wheel  journals  or  their  pivots 
may  be  fixed  direct  to  the  frame,  between  which  and  the  body 
transversal  springs  may  be  inserted ;  then  transmission  from  motor 
to  wheels  would  be  much  easier  owing  to  their  interdependence. 

Pozzy  recommends  that  in  light  cars  the  front  springs  should 
deflect  from  21-3  mm,  to  244  mm.  per  100  kg.  (43  in.  to  49  in.  per 
cwt.),  and  the  back  springs  from  244 mm.  to  29*2 mm.  per  100  kg. (49 
to  '69  in.  per  cwt).  In  heavy  cars  the  deflections  should  be  respec- 
tively from  193  mm.  to  213  mm.  and  from  223  to  27*2  mm.  per 
100  kg.  (from  39  in.  to  43  in.  and  from  45  in.  to  '55  in.  per  cwt). 
In  heavy  waggons  the  deflection  should  be  from  94  mm.  to  11*9 
mm.  per  100  kg.  (19  in.  to  -24  in.  per  cwt.)  at  both  back  and  front. 

Simple  suspensions  are  about  the  same  as  those  of  ordinary  horse- 
drawn  carriages.  There  are  four  nipper  springs  for  light  cars ;  rather 
heavy  cars,  such  as  delivery  cars  and  omnibuses,  often  have  five 
springs — two  nippers  in  the  front  and  three  straight  springs  in  the 
rear.  The  rear  springs  can  be  fixed  under  an  iron  cross-piece  moved 
lengthwise  by  aid  of  a  regulating  screw  to  compensate  for  elongation 
of  chains,  though  it  seems  more  suitable  to  adapt  the  chain  instead. 
Sometimes,  as  in  the  Compagnie  Gen(^rale  des  Automobiles  1898  car,  the 
rear  springs  are  straight  with  a  clip  at  the  fore  end  and  a  worm  rod 
at  the  rear  to  regulate  the  length  of  the  chains.  The  springs  with 
inverted  clips  were  employed  on  a  Jeantaud  petrol  car  in  1894. 

A  device  for  suspending  the  fore-carriage  has  been  patented 
by  Jeantaud,  and  it  is  shown  by  Figs.  516  to  518.  It  consists  of  two 
springs  //  placed  parallel  with  the  fore-axle  6  at  a  sufficient  distance 
to  form  a  supporting  parallelogram,  the  two  long  sides  of  which  are 
not  deformed.  The  springs  are  joined  to  the  axle  by  irons  c  c  quite 
close  to  the  point  where  the  axle  rests  on  the  wheels,  so  as  to  reduce 
the  projection ;  the  clips  leave  the  springs  all  their  elasticity,  but  do 
not  allow  lateral  displacements  in  spite  of  the  absence  of  guides. 
The  body  of  the  car  e  rests  on  the  centre  of  the  springs  /  /  by  means 
of  supports  around  whose  axes  it  can  rock. 

Double  suspensions  may  now  be  noticed.  In  some  cars  of  the 
Compagnie  G^nerale  des  Automobiles — who  now  seem,  however,  to 
have  abandoned  the  device — the  frame  supported  above  the  axles  in 
the  ordinary  manner  supports  the  body  by  means  of  other  springs. 
It  is  the  same  in  the  Lepape  car,  in  which  the  body  is  supported  by 
the  underframe  generally  with  Cee  springs.     The  motor  is  placed  in 
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front  of  the  underframe.  In  the  Jeantaud  petrol  car,  above  referred 
to,  there  is  a  transversal  spring  with  inverted  clips  placed  directly 
above  the  rear  axle  and  supported  by  it;  this  spring  supports  the 
rear  and  main  part  of  the  weight  of  the  motor  and  transmission 
gear.  The  very  light  fore-part  is  supported  by  a  shaft,  with  a 
pinion  at  each  end  driving  the  motor  wheels  by  endless  chains. 
In  this  car,  as  in  that  about  to  be  described,  there  is  a  toothed 
transmission  from  motor  to  axle. 

In  the  Lanty,  Hommen  and  Dumas  delivery  car.  Figs.  519  and 
520,  the  underframe  C  is  supported  above  the  fore  axle  by  nipper 


springs  R  R,  and  above  the  rear  axle  by  the  rigid  props  B,  which  are 
fitted  to  the  journals  of  this  axle.  The  motor  D  has  a  shaft  furnished 
with  pulleys  which  drive  by  belts  those  on  the  intermediary  shaft  I. 
The  latter  turns  in  bearings  supported  by  arms  L,  which  fonn  one 
with  the  props  B.  entraining  by  means  of  a  pinion  the  toothed  wheel 
of  the  differential  mounted  on  the  motor  axle,  AH  the  system  of  the 
motor  and  the  transmission  may  be  said  to  pivot  around  tho  axle 
to  follow  it  in  the  relative  displacements  it  undergoes  by  flexion  of 
the  springs  R  R  The  body  is  suspended  above  the  underframe  at 
the  rear  by  springs  M  and  m  the  front  by  spring  N. 

The  main  frames  now  will  have  attention.    This  frame  rests  upon 
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the  axles  and  supports  motor,  transmission  gear,  and  body.  Usually 
it  is  formed  of  two  longitudinal  bars  united  in  front  and  rear  by  two 
cross-pieces  and  firmly  intertied  between  the  two.    Originally — at  least 


Figl.  519  and  521). — Elevation  akd  Flak  of  Laxtv,  Houies  and  Duhab  Suspension. 

in  the  case  of  light  cars — it  was  made  of  ash  wood,  but  now  stoel  is 
employed  generally,  usually  in  form  of  C  or  drawn  out  in  tubes.    In 
carriage  building,  thin  channelled  steel  and  tubes  snap,  owing  to  lack  ' 
of  judgment  as  regards  their  proper  emplojinent ;  the  flat,  round,  or 
thick  irons  which  have  been  and  are  employed  have  sections  with  very 
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slight  moments  of  inertia  considering  the  weight.  Tubes  are  lighter 
than  these  irons,  but  they  must  be  brazed  very  skilfully.  Profiled 
metal  may  be  solid,  and  by  its  means  the  motor  and  transmission 
gear  are  fixed  more  conveniently.  Sometimes  the  inside  is  lined  with 
wood,  which  increases  resistance  without  much  extra  weight.  The 
intertying  of  the  longitudinal  bars  must  be  particularly  firm  to. 
prevent  dislocation  under  the  influence  of  vibrations  and  strains.  To 
the  static  eflforts  are  added  the  reactions  of  the  parts  in  motion ;  con- 
sequently it  is  not  prudent  to  rely  upon  the  formula  for  resistance  of 
materials  to  calculate  the  dimensions  of  the  various  pieces,  and  a  big 
margin  of  safety  must  be  left. 

The  Napier,  Maudslay,  Peugeot,  English  Daimler,  Thornycroft, 


Fig.  621. — L.    BOLLKB  VOITUEETTE 

Frame. 


Humber,  and  many  other  cars  have  an  \inderframe,  carried  by  the 
main  frame,  as  described  in  Chapter  XVIII.,  and  this  supports  the 
motor  and  transmission  gear.  It  may  be  made  of  any  material 
found  suitable  for  the  main  frame. 

The  main  frame,  whatever  its  material,  must,  as  far  as  possible,  be 
suitable  for  several  interchapgeable  bodies  without  any  other  con- 
nections than  some  points  of  support  furnished  with  indiarubber 
cushiona  At  first  the  frame  was  made  rectilinear,  probably  because  it 
favoured  rigidity  and  interchanging,  but  it  was  not  elegant.  To  give 
the  body  the  appearance  of  descending  between  the  axles,  sometimes 
a  step  was  placed  between  two  mud-guards,  the  top  frame  comprised 
between  the  two  being  painted  black.  When  both  motor  and  driving 
wheels  are  in  the  rear,  as  in  the  old  Peugeot  and  most  of  the  Jeantaud 
cars,  or  in  front,  as  in  the  Krieger  cars,  disengaging  can  be  obtained 
easily.  When  the  motor  is  in  front  above  the  frame,  and  the  driving 
wheels  behind,  as  in  most  modern  cars,  it  is  necessary  for  disengaging 
F  F 
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to  have  inside  the  body  a  shut  central  corridor  for  the  transmissions, 
but  this  is  inconvenient.  When  the  motor  is  under  the  frame,  as 
in  some  of  the  Jeantaud  cars,  the  axle  of  the  transmission  alone 
passes  under  the  floor  of  the  body. 

Motor-cycle  and  voiturette  main  frames  are  tubular  in  nearly 
all  cases,  as  in  the  BoU6^  voiturette,  represented  by  Fig.  521,  which 
consists  of  two  side  tubes  A  A,  38  mm.  (1'49  in.)  in  diameter  and  4  mm. 
('157  in.)  thick,  united  by  three  cross-pieces ;  the  steering  mechanism 
and  wheels  are  fixed  to  the  front  cross-piece,  and  the  intermediary 
transmission  to  the  centre  one.  This  frame  weighs  about  35  kg. 
(77  lb.)  for  a  car  weighing  210  kg.  (462  lb.).  In  the  oldest  type  of 
frame  the  side  bars  were  reinforced  near  the  centre  by  a  stay  and  two 
rods ;  but  now  the  side  bars  are  thicker,  and  the  stay  and  rods  not 
used.  However,  tubular  construction  is  not  always  employed;  for 
instance,  the  Lombard  mylorette  and  the  Farman  voiturette  are 
exceptions,  the  latter  having  a  profiled  steel  frame. 

Many  cars  (including  the  Brooke,  Toledo,  Maudslay  and  Swift) 
have  channel  steel  or  tubular  frames  filled  with  ash  wood,  so  pro- 
ducing constructions  of  great  strength  and  flexibility.  The  Brooke 
channel  frame  is  so  made;  in  cross  section  each  member  measures 
50*8  mm.  (2  in.),  but  the  metal  is  only  3*2  mm.  (125  in.)  thick.  The 
rectangular  frame  has  the  usual  end  cross  members  and  two 
intermediate  ones,  and  the  design  has  been  worked  out  so  carefully 
that  but  few  holes  in  the  frame  are  necessary.  The  Brush  car 
has  a  wooden  frame  strengthened  with  steel  plates,  so  has  the 
English  Daimler;  in  the  latter  a  pair  of  steel  fish  plates  lie  on 
the  inner  face  of  each  side  member.  In  front  is  a  pair  of  cross 
angle  pieces,  another  cross  member  serving  to  support  the  rear  end 
of  the  change-speed  gear.  Suspended  from  the  front  angle  pieces 
is  a  compact  underframe  which  carries  the  motor,  A  great  number 
of  cars,  again,  have  frames  of  channel  steel  only,  no  wood  whatever 
being  used. 

An  example  of  up-to-date  tubular  frame  construction  is  found  in 
the  Humber  car  (see  Figs.  522  and  523).  Two  main  side  tubes,  A, 
are  connected  by  four  cross  tubes,  B,  C,  D,  K  The  two  longitudinal 
tubes  F  pass  from  the  front  tube  B  to  C  and  carry  the  motor.  The 
tubes  G,  projecting  downward  from  C  and  D,  terminate  in  brazed- 
on  steel  bolts,  and  are  stayed  to  each  other  and  to  the  main  frame  by 
thinner  tubes,  H  J,  whose  ends  are   connected  by  knuckle  joints. 
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and  are  held  in  place  by  bolts  passing  through  them.  The  tubes 
forming  the  frame  have  malleable  cast  connecting  brackets,  which 
also  provide  attachments  for  the  springs  and  steps.  Tubes  K  L 
form  a  rectangular  framework,  the  tubes  K  ending  in  sockets  M, 
which  fit  over  the  bolts  forming  the  ends  of  the  vertical  tubes  G. 
Tubes  L  carry  the  change-speed  gear.  All  the  permanent  joints 
are  pinned  and  brazed. 

The  bodies  of  automobiles  demand  attention  now.  Before  all  else 
the  body  should  be  solid  and  as  far  as  possible  light  and  interchange- 
able.  By  fulfilling  this  last  condition  the  development  of  automobilism 


Pig.  622. 


Figs.  522  and  523.— Humber  Tubulak  Fkahb. 

is  assured.  It  must  be  possible  to  employ  an  automobile  in  winter  as 
well  as  in  summer,  and  consequently  there  should  be  a  suitable  body 
for  each  season. 

The  efficient  body  must  be  the  combined  work  of  two  specialists 
— the  engineer  and  the  carriage  builder — and  the  best  method  of 
obtaining  this  is  to  clearly  define  their  respective  departments  and 
give  each  perfect  liberty  therein.  The  flat  frame,  not  having  any  con- 
nections with  the  body  except  as  regards  some  points  of  support,  is 
the  best  to  assure  this  liberty. 

Twelve  types  of  body  are  illustrated  on  p.  485.  Fig.  524  shows 
a  spider  or  phaeton  for  one  or  two  persons ;  this  and  the  racing  car. 
Fig.  625,  have  the  simplest  construction  of  any.  The  tonneau 
(Fig.  526)  is  exceedingly  popular,  and  is  known  in  many  modifica- 
tions, the  closed  tonneau  (Fig.  527)  and  the  tonneau  de  luxe  (Fig. 
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528).  The  double  phaeton  (Fig.  529),  closed  phaeton  (Fig.  630), 
and  brake  (Fig.  531)  have  roomy  bodies,  and  the  landaulet  (Fig.  532), 
and  the  cab  (Fig.  533)  are  ingenious  designs  in  which  the  wheel  base 
appears  to  be  considerably  longer  than  it  actually  is.  The  limousine 
(Fig.  534)  is  a  smart  vehicle,  and  the  wagonette-omnibus  (Fig.  535) 
is  proving  its  usefulness  more  and  more  each  year. 

With  regard  to  the  carriage  builder's  work,  some  people  maintain 
that  the  automobile,  being  a  new  vehicle,  should  have  a  new  shape. 
Though  there  is  some  truth  in  this,  it  would  be  a  mistake  to  abandon 
the  present  form  of  car,  which  is  the  result  of  accumulated  studies 
and  experiments.  The  carriage  builder  must  adapt  existing  forms 
to  the  exigencies  of  the  new  kind  of  locomotion,  and  he  can  do  so 
easily.  Solidity  and  lightness  are  to  be  studied  and  can  be  obtained 
by  employment  of  suitable  materials,  sheet  iron  or  steel,  aluminium 
and  its  alloys,  and  wood.  One  aluminium  alloy — partinium  in  par- 
ticular— is  beginning  to  be  largely  used,  and  very  light  bodies  have 
been  made  with  it;  a  racing  body  for  a  Panhard  6  kp.  phaeton 
weighed  only  22  kg.  (484  lb.) ;  and  by  its  use  in  building  a  de  Dion- 
Bouton  twenty-seat  omnibus  there  was  a  reduction  in  weight  of  400  kg. 
(880  lb.)  compared  with  the  ordinary  body.  Partinium  is  an  alloy  of 
aluminium  and  tungsten.  Rolled  it  gives  a  tractile  strain  of  from 
32  kg.  to  37  kg.  per  mm.^  (20*3  tons  to  23*49  tons  per  square  inch), 
and  an  elongation  of  from  8  to  6  per  cent.,  according  to  the  proportion 
of  tungsten.  It  is  employed  to  make  car  bodies  which,  strength  for 
strength,  weigh  about  half  as  much  as  wooden  bodies.  There  is 
difficulty  in  painting  it,  special  skill  being  needed  to  prevent  sub- 
sequent production,  at  the  junction  of  the  metal  with  the  angle  irons, 
of  a  greyish  substance  which  causes  swelling.  Cast  partinium  has  a 
tractile  strength  of  from  12  kg.  to  17  kg.  per  mra.^  (7*6  tons  to  10*79 
tons  per  square  inch)  and  an  elongation  of  from  12  to  6  per  cent.  It 
is  employed  for  motor  and  gear  cases  even  in  cars  of  from  30  h.p.  to 
40  h.p.  like  the  de  Dion-Bouton. 

A  principle  of  far  more  importance  with  the  new  style  of  loco- 
motion than  w^ith  the  old  is  to  avoid  large  transversal  surfaces  which 
hinder  the  progress  of  the  car.  Tlie  problem  perhaps  will  be  solved 
by  having  bevelled  glasses  in  front,  these  also  conducing  greatly  to 
the  comfort  of  the  driver.  These  glasses  are  quite  feasible,  and  should 
lessen  the  total  air  resistance  met  by  the  car,  whilst  they  can  be  made 
to  greatly  improve  the  general  appearance.    Then,  again,  cars  need 
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not  be  so  ugly  or  so  unsightly  as  sometimes  they  have  been  made. 
Until  recently  little  care  was  bestowed  upon  carriage  work,  and 
there  was  little  effort  to  enhance  it  by  artistic  trimming,  etc.  Now 
attention* is  being  given  to  this  question,  and  the  good  results  already 
are  apparent.  Some  cars  of  considerable  bulk  easily  preserve  their 
handsome  appearance  because  the  addition  of  the  mechanism  has 
little  effect  on  the  whole.  The  difficulty  is  greater  with  phaetons  and 
other  light  cars  owing  to  the  largeness  of  the  gear  compared  with  the 
small  bulk  of  the  vehicle.  With  electric  cars,  in  which  the  motor  and 
gear  are  reduced  to  the  strict  minimum,  the  matter  is  easy.  It 
was  demonstrated  quite  a  number  of  years  ago  that  light  electric 
cars  can  be  made  to  be  handsome.  With  petrol  cars  matters 
are  much  less  convenient,  and  it  is  difficult  either  to  beautify  or  mask 
the  motor  with  its  adjuncts  (carburetter  and  cooler),  the  transmission 
gear,  etc.  Some  persons  consider  that  instead  of  endeavouring  to 
hide  the  mechanism,  on  the  contrary,  its  chief  features  should  be 
brought  into  bold  relief,  as  is  done  with  railway  locomotives ;  but  a 
petrol  motor  is  more  complicated  than  a  locomotive,  and  it  is 
destitute  of  the  simplicity  that  gives  a  machine  beauty :  also  it  is 
necessary  to  protect  the  gear  against  water  and  dust  and  to  con- 
stantly lubricate  it.  There  are  some  difficulties  in  the  matter,  but  it 
is  not  thought  impossible  to  overcome  them. 
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CHAPTER    XV. 

BRAKES  FOR  AUTOMOBILES. 

It  is  not  necessary  to  demonstrate  the  absolute  necessity  of  good 
brakes  for  cars.  Cars  in  France  must  have  two  effective  brakes,  each 
of  which  is  able  automatically  to  stop  or  control  the  driving  action  of 
the  motor.  At  least  one  of  these  systems  must  act  directly  on  the 
wheels,  or  on  pulleys  forming  one  with  them,  and  be  able  to 
instantaneously  wedge  the  wheels ;  and  one  of  these  systems,  or  a 
special  device,  must  prevent  all  backward  movement.  In  the  case  of 
a  vehicle  with  a  bogey  driving  fore-carriage,  one  of  the  brake  systems 
within  reach  of  the  driver  must  be  able  to  act  on  the  rear  wheels  of 
the  vehicle.  Each  vehicle  hauled  must  have  an  eflScient  and  rapid 
system  of  brakes  which  can  be  worked  either  by  the  driver  from  his 
seat  or  by  a  special  conductor. 

Steam  and  electric  motors  easily  can  be  made  to  give  a  braking 
instead  of  a  propulsive  eftect.  As  regards  petrol,  when  the  governor 
prevents  exhaust,  the  gases  are  compressed  by  the  piston ;  and  if  the 
latter  continues  to  form  one  with  the  transmission  gear  and  car,  there 
is  produced  a  resisting  strain  which  acts  as  a  brake.  Even  when  the 
exhaust  works,  the  motor  can  act  as  brake ;  for  example,  in  descending 
a  gradient  the  wheels  may  move  quicker  than  if  they  were  driven  by 
the  motor  only,  and  if  the  latter  is  in  gear  it  produces  a  retarding 
effect,  though  this  cannot  replace  the  regulation  brakes.  In  this 
chapter,  only  independent  brakes  wiU  be  considered.  The  brakes 
annul  the  kinetic  energy  of  the  car  by  transforming  the  energy  into 
heat  by  the  friction  they  produce  on  the  wheels,  tyres,  or  on  pulleys 
forming  one  with  the  wheel  or  with  one  of  the  transmission  shafts. 
Thus  there  are  two  classes  of  shoe  brake. 

In  the  first  class  the  brakes  act  by  bringing  a  shoe  into  contact 
with  the  tyre.  Lagard  proposed  one  based  upon  the  plan  of  a  scotch- 
ing shoe  similar  to  that  employed  in  artillery  waggons,  and  which 
has  until  late  years  been  used  to  reduce  the  recoil  of  gun-carriages 
when  firing.     The  shoes  fall  in  front  of  the  wheels,  which  continue 
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to  turn.  Tho  length  of  the  cords  or  chains  which  unite  the  shoe  to 
the  vehicle  is  such  that  the  wheels  cannot  pass  over  the  shoes,  but 
are  fixed  between  the  shoes  and  the  road,  in  which  position  they  skid. 
It  is  claimed  that  the  tyres  do  not  bear  upon  the  ground  and  so  are 
not  worn ;  but,  on  the  other  hand,  the  road  suffers  from  this  skidding, 
and  the  car  has  to  be  given  a  slight  backward  movement  before  the 
wheels  are  released. 

The  contact  of  shoe  and  tyre  nearly  always  is  obtained  by  moving 
the  first  towards  the  second ;  but  in  the  Bollee  and  Morrisse  cars  the 
shoe  was  fixed.  In  the  Bolide  car,  by  means  of  a  single  rear  wheel 
which  could  be  displaced,  the  transmission  belt  was  stretched  or 
loosened,  and  a  pulley,  forming  one  with  the  wheel,  was  brought  to  its 
extreme  position  forwards  and  into  contact  with  the  indiarubber  shoe 
fixed  to  the  frame.  In  the  Morrisse  cars,  the  rear  driving  axle,  the 
bridge  which  supported  it,  and  the  springs  could  be  moved  around  an 
axis  of  suspension  by  a  lever.  When  they  were  forward,  the  motor 
was  progressively  thrown  into  gear  and  the  car  moved  forward ;  when 
they  were  to  the  rear,  the  motor  was  thrown  out  of  gear  and  the 
wheel  tyres  were  applied  against  the  shoes  fixed  to  the  car  frame. 

Briefly,  the  following  is  the  device  commonly  employed  for 
ordinarv  automobiles.  When  the  brake  shoe  is  movable  it  is  brouofht 
into  contact  with  the  tyre  by  working  a  lever  or  screw  along  which 
can  be  move4  a  nut  forming  one  with  a  rod  which  acts  on  the  end  of 
a  lever ;  at  the  other  extremity  of  the  lever  the  shoe  is  attached.  It 
is  recommended  to  make  the  rod  act  by  traction  and  not  by  compres- 
sion. For  metal  tyres  the  shoe  is  made  of  cast  iron,  wood  (twisted 
elm,  boxwood,  gaiac,  has  been  proposed),  or  indiarubber.  Cast  iron 
lasts  longest ;  indiarubber  and  wood  give  less  noise  and  greater  power 
without  wearing  the  tyre ;  for  indiarubber  tyres  the  shoes  are  made 
of  polished  steeL 

The  inconveniences  of  shoe  brakes  acting  on  tyres  are :,  (1) 
They  are  not  instantaneous,  especially  the  screw  type,  because  several 
turns  of  the  screw  are  needed  to  cause  wedging;  this,  however, 
helps  to  preserve  the  car.  (2)  Tho  shoes  on  the  two  wheels  are  not 
always  applied  with  the  same  amount  of  force,  and  when  the  road  is 
slippery  this  may  cause  the  car  to  swing  round.  De  Dion-Bouton 
propose  a  train  of  differential  gear  in  the  middle  of  the  single  shaft ; 
rotation  of  this  would  cause  wedging  of  the  two  shoes,  but  would  be  a 
great  complication.    (3)  They  wear  the  tyre  considerably,  especially 
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when  the  wedged  wheels  skid  along  the  ground,  this  very  easily 
detaching  solid  tyres  and  shearing  off  the  safety  bolts  of  pneumatic 
tyres.  Consequently,  most  wheels  with  indiarubber  tyres  do  not  have 
shoes,  these  being  particularly  objectionable  with  pneumatic  tyres. 

The  great  advantages  of  shoe  brakes  are :  (1)  They  act  with  a  lever 
arm  as  long  as  possible,  it  being  equal  to  the  radius  of  the  wheeL  (2) 
Therefore  their  mechanism  is  simple  and  reliable.  (3)  In  descents  they 
give  a  gradual  wedging,  which  may  be  continuous,  without  demanding 
any  work  from  the  driver.  (4)  When  ascending  gradients  they 
prevent  the  car  from  moving  backwards.  In  a  word,  they  are  brakes 
for  regulating  speed,  rather  than  for  instantaneous  stopping. 


Fig.  536. — WoLSELEY  Shoe  Brake. 

The  second  class  is  that  of  the  brakes  acting  on  pulleys.  The  arm 
of  the  lever  which  actuates  them  must  not  be  shorter  than  for  shoe 
brakes,  as  friction  increases  very  rapidly  with  the  angle  of  winding, 
and  wedging  is  tight  enough  for  instantaneous  stoppage. 

In  the  Wolseley  shoe  brake,  blocks  with  large  surfaces  press  against 
the  inside  of  drums  fixed  to  the  rims  of  the  rear  wheels.  The  levers 
connecting  the  hand  lever  P  (Fig.  536)  with  the  leather- lined  shoes 
P7  are  arranged  to  give  equal  pressure  upon  the  two  brakes.  Lever 
P  is  pivoted  to  the  frame,  and  is  connected  by  rod  P^  to  a  swinging 
link  P^ ;  the  ends  of  this  link  carry  the  swinging  levers  P*  P*,  the 
former  being  connected  to  the  right-hand  brake  lever  P^  and  the 
latter  to  rocking  shaft  P®  and  left-hand  brake  lever  P^  The  two 
brake  shoes  are  connected  by  a  rod,  P'^,  from  which  the  springs  P*^ 
pass  to  the  frame.    The  action  of  the  hand  lever  P,  in  pulling  rod 
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P',  is  to  apply  both  of  the  brakes,  and  the  swinging  link  P*  connects 
it  with  both  of  them,  and  equalises  the  pressure  exerted  upon  them. 

The  James  and  Brown  shoe  brake  is  shown  in  section  and  eleva- 
tion by  Fig.  537.  Cast-iron  shoes  press  against  bronze  or  malleable 
iron.  The  wheel  and  the  internal  brake  drum  can  be  removed 
without  disturbing  the  brake  mechanism.  In  Fig.  537  A  is  the  main 
axle,  B  the  distance  rod,  C  the  sprocket  wheel  and  brake  drum,  I)  the 
stationary  member  attached  to  the  rear  of  the  frame  as  shown  in 
the  detail  X,  and  E  is  the  lever  operating  the  brake  blocks  F. 

In   cars  with  indiarubber  tyres,  where  the  shoe  is  not  suitable. 


Fig.  63'. — James  and  Bbotn  Shob  Bsake. 

a  band  brake  is  generally  placed  on  the  differential  shaft  and  a  band 
brake  on  each  of  the  driving  wheels.  These  brakes  are  worked  by 
pedals  at  least  one  of  which,  previous  to  bringing  the  brake  into 
operation,  withdraws  the  clutch,  and  so  disconnects  the  motor  from 
the  transmission  gear. 

With  brakes  using  bands,  contact  of  band  and  pulley  usually 
is  over  only  three-quarters  of  the  circumference.  The  steel  band 
may  be  covered  with  leather  or  camel-hair,  studded  with  wooden 
p^  to  augment  adherence  by  aid  of  a  lever.  Generally  one  end 
of  the  band  is  attached  to  a  fixed  pivot  around  which  rocks  a  lever, 
whose  one  end  is  hinged  to  the  other  end  of  the  band,  and  the 
second  end  to  a  traction  bar  worked  by  the  driver.  The  band  is 
brought  against  the  pulley,  and   rotation  of  the  wheel  tends   to 
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tighten  it  and  hasten  wedging.  Usually  the  pulley  is  mounted  on 
one  of  the  secondary  transmission  shafts,  or  on  the  naves  of  the 
road  wheels,  and  that  invented  by  CIoos  and  Schmaltzer  is  applied 
to  a  toothed  wheel  inside  the  nave,  thus  being  concealed  and  pro- 
tected from  dust,  mud,  and  grease,  which  in  other  systems  sometimes 
cause  the  brakes  not  to  work ;  but  this  is  difficult  to  construct  and 
to  inspect,  and  it  is  not  so  powerful  as  the  ordinary  pulley  brake. 
It  is  suitable  only  for  light  pleasure  carri^es. 

As  an  example  of  a  double-acting  countershaft  brake,  the  Wolseley 


(Fig.  538)  may  be  noted.  The  differential  sleeve  Ei  carries  the 
brake  drum  F^,  and  is  free  to  revolve  about  the  countershaft  E.  The 
brake  blocks  F*  are  fixed  to  the  band  F^,  whose  ends  are  carried  by 
the  bell-crank  F".  The  bell-crank  is  carried  by  an  adjustable  distance 
rod,  F^  passing  to  a  cross  member  of  the  main  frame,  and  by  a 
swinging  link,  F  ,  whose  other  end  is  connected  to  the  aluminium 
gear  case  G.  A  spiral  spring  also  connects  the  gear  case  with  the 
piece  F*,  and  this  tends  to  hold  the  brake  in  its  "  off"  position.  The 
adjustable  rod  F  passes  to  a  pedal  which  operates  the  brake.  To 
compensate  for  stretch  in  the  brake  band  F*  three  separate  adjust- 
ment holes  are  drilled  in  the  bell-crank  F". 

The  Brooke  device  for  equalising  the  pull  of  the  brakes  on  the 
rear  hubs  employs  a  transverse  rocking  shaft  to  which  the  brake  lever 
is  attached,  as  are  also  the  double-acting  band  brakes.     The  ends  of 
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the  brakes  are  not  fixed  in  the  usual  manner,  but  are  connected  to 
horizontal  bell-cranks  pivoted  to  the  rear  corners  of  the  frame.     The 
free  ends  of  the  bell-cranks  are  connected  together  by  an  adjustable 
rod  across  and  behind  a  frame,  and  a  running  joint  with  right  and 
left  hand  threads  permits  of  an   easy   tension   adjustment   of  both 
brakes,  the  connecting  rod  always  equalising  the  pull  of  both  brakes. 
Band  brakes  have  to  be  provided  with  means  of  holding  the  band 
from  the  drum   at  those  times   when   the  brake  is  "  off."     In  the 
Humber    rear  wheel  compensated,    double-acting  band  brake,  the 
following  arrangement  is  adopted. 
In  Fig.  539  A  is  the  section  of 
the  band  to  which  is  fixed  a  steel 
pin,  B,  which  passes  through  the 
projecting  arm  C  of  the  malleable 
casting  D,      The   spring  E  nor- 
mally holds  the  band  clear  of  the 
brake  drum  F,  but  permits  it  to 
work  when  the  brake  is  applied. 
There   is  a  simple  compensating 
action   for  the   two  side  brakes ; 
they  are  applied  by  a  steel  cord 
passing  from  one  through  a  cross 
tube,  over  a  pulley  mounted  on 
Fig.  63o.-Hr«HEH  Band  Brake.  ^^^  hand   brake  lever,  and  thus 

to  the  other  brake.  Throwing 
forward  the  lever  tightens  the  cord  on  both  band  brakes,  and  the 
freedom  of  the  cord  to  slide  in  the  direction  of  its  length  ensures 
an  equal  degree  of  tension  on  the  two  brakes.  The  construction 
of  the  Humber  driving  wheels  and  the  manner  of  securing  them 
to  the  axle  are  made  clear  in  Fig.  539  also.  G  shows  a  portion 
of  the  shafts,  which  comprise  the  divided  rear  axle.  H  sbows  a 
steel  tube  surrounding  the  axle;  it  contains  at  the  ends  brass  bushes 
and  lubricators. 

The  Prescott  steam  car  (American)  has  bicycle-built  wheels,  and 
the  hubs  of  the  rear  wheels  serve  as  the  drums  of  interconnected 
band  brakes,  the  bands  operating  between  the  two  seta  of  wire 
spokes. 

In  the  Renault  brake  (Fig.  540)  the  steel  band,  having  inside  a 
camelhair  bolt,  is  coiled  one-and -two-third  times  around  the  steel 
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drum;  the  band  is  illustrated  by  Fig.  641,  in  which  the  points 
marked  a  f  are  the  same  as  B  and  C  in  Fig.  540.  Chains  B  A, 
C  A,  unite  the  ends  of  the  band  to  point  A,  which  forms  one  with 
the  axle  S,  all  the  locking  stress  being  brought  to  bear  upon  A; 
the  rods  B  D,  C  E,  connect  the  same  ends  of  the  band  to  the 
little  rods  J  D,  K  E.  All  these  parts  exist  on  both  of  the  sides  of  the 
underframe.  Rods  J  D,  K  E,  are  united  with  similar  ones  by  the  flat 
iron  bars  D  E,  the  centres  of  which  are  united  by  powerful  springs 
F  G  to  a  collar  surrounding  the  axle.     These  springs  draw  the  rods 


Fi«.  542. 
Fig.  541. 

Fig.  540. — Renault  Biu.ke.    Fig.  641. — Band  of  Renault  Brake. 
Fig.  642. — Plan  op  Bkakb  Pedal. 

B  D,  C  E,  towards  the  rear,  and  thus  remove  to  a  distance  the  drum 
bands,  which  then  do  not  exert  friction  strain  upon  the  drums  when 
the  brake  has  not  to  be  locked.  To  bring  them  near  the  drums  the 
pedal  Q  (see  also  plan,  Fig.  542)  is  pressed.  By  working  the  levers  shown 
the  bands  are  pressed  on  the  drums,  and  locking  is  produced.  If  the 
car  is  advancing,  the  wheels  turn  as  indicated  by  the  arrows  /,  and  a 
component  of  friction  is  developed  between  the  blades  and  drums 
such  as  Q,  the  chain  B  A  stretches,  lever  H  I  assumes  the  position 
H^  P,  chain  C  A  tightens,  and  the  locking  strain  is  produced  at  A. 
Inversely,  when  the  car  is  retreating,  chain  C  A  stretches  and  chain 
B  A  tightens,  always  bringing  the  locking  strain  on  point  A.  Thus 
the  brake  locks  automatically  in  the  required  direction.  Fig.  642  is 
a  plan  of  the  pedal  and  adjoining  parts. 

The  Hautier  old  brake  is  shown  by  Fig.  543.      The  ends  of  the 
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winding  bands  are  fixed  to  two  bars,  A  H,  B  G.  When  the  lever 
6  c  is  pulled  so  that  the  end  h  comes  forward,  the  various  parts  move 
as  indicated  by  the  arrows,  and  the  bars  are  applied  against  the  fore 
edges  of  their  slides ;  H  acts  as  point  of  support  and  the  brake  locks 
for  forward  motion.  It  locks  for  back  motion  when  end  c  of  the 
lever  6  c  is  brought  to  the  front. 

A  pedal  band  brake  on  the  countershaft,  and  a  hand  band  brake 
on  each  of  the  rear  driving  wheels,  is  the  most  usual  practice ;  but 
an  improvement  on  the  hand  side  brakes  is  an  inside  expanding 
brake  acting  on  the  inside  of  a  special  sprocket  ring. 

Band  brakes  have  such  obvious  advantages  that  they  are  almost 
necessary  adjuncts  of  an  automobile ;  but  they  also  have  their 
inconveniences.  Pressure  must  be  exerted  on  the  pedal  during  all 
the  time  they  are  acting  unless,  as  in  the  Landry-Beyroux  cars, 
the  brake  is  tightened  by  a  special  device.  The  heating  caused  by 
friction  of  the  cleats  against  the  pulley  under  the  effect  of  prolonged 
tightening  might  cause  ignition  of  the  wood.  Metal  cleats  last 
longer  and  cause  less  severe  friction. 

In  rope  brakes  the  winding  may  be  in  any  number  of  coils ;  thus 
the  power  may  be  said  to  be  limitless,  and  the  action  nearly  instan- 
taneous. The  almost  universal  type  of  this  brake  is  the  well-known 
Lemoine  brake,  which,  on  the  Paris  'buses,  both  tightens  the  rope  on  a 
hopp  of  the  nave  and  applies  the  shoes  to  the  tyres.  This  would  have 
two  inconveniences  for  automobiles :  it  would  wedge  the  wheels  and 
produce  flat  places  on  the  tyres,  owing  to  their  friction  with  the 
ground,  and  it  would  wear  the  tyre  by  pressure  of  the  shoe.  Conse- 
quently it  has  been  altered,  so  as  to  be  regulatable,  and  shoes  are 
discarded.  Instead  of  the  conical  hempen  rope  studded  with  wooden 
cleats,  which  varied  in  length  with  the  temperature  and  wore  out 
quickly,  use  is  made  of  a  flat,  pliant  rope  made  of  a  number  of  steel 
wires,  studded  with  cleats  of  wood,  leather,  copper  or  iroa 

Rope  brakes  tighten  only  in  forward  motion  of  the  car,  backward 
motion  breaking  all  connection  between  rope  and  pulley.  Thus  the 
coiled  brake  is  eminently  an  intermittent  and  instantaneous  brake,  just 
the  opposite  to  the  shoe  brake ;  the  two  systems  then,  very  happily, 
complete  each  other.  Consequently  they  are  usually  tound  associated 
with  metal  tyres  in  motor  cars,  and  often  enough  conjugated,  as  in 
the  Weidknecht  omnibus,  where  they  can  be  worked  together  or 
separately.     Coiled  brakes  can  be  made  to  work  in  both  directions. 
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The  Jeantaud  rope  brake  (Figs.  544  to  546),  for  instance,  is  double- 
acting.  Two  ropes  are  wound  in  opposite  directions  so  as  to  corre- 
spood  respectively  to  forward  and  backward  motion  of  the  car.  One 
end  of  the  ropes  is  fixed  rigidly  to  the  axle  E  of  the  car  and  on  the 
other  to  two  chapes,  O  and  P,  mounted  on  an  axle,  X,  which  can 


Fipi.  514  to  54  S.— Elevation's 
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pivot  in  support  A  fixed  upon  the  suspension  spring.  The  rope  C, 
starting  from  the  fastening  piece  S,  winds  from  right  to  left.  When 
the  brake  is  to  be  applied  whilst  the  car  is  moving  forwards,  the  lever 
is  brought  from  D  to  D^ ;  the  latter  entrains  axle  and  chapca  O  P ; 
then  P  brings  the  cleats  on  rope  C  against  the  drum,  which  rotates 
and  completes  the  locking.  If  the  car  is  running  backwards  the 
same  motion  of  the  lever  tightens  the  cleats  of  rope  0. 

In  the  Darracq  brake   a  square  shaft  carries,  immediately  it 
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leaves  the  case  of  the  change-speed  gear,  a  metal  drum  or  pulley, 
and  against  this  are  pressed  two  bronze  discs  commanded  by  a 
pedal  placed  to  the  right  of  the  driver.  This  device  is  powerful, 
does  not  cause  burning,  and  acts  during  both  forward  and  backward 
motion.     Fig.  547  gives  an  idea  of  its  construction. 

The  Krebs  old  brake  (Fig.  548)  also  is  double-acting,  but  it  does  not 
work  by  winding ;  instead,  there  is  simple  application  of  its  jaws,  and 
it  is  mounted  on  a  drum,  which  it  completely  surrounds.  When  the 
rod  T  is  pulled  in  the  direction  of  the  arrow,  the  two  jaws  B  C,.  hinged 
at  a  to  a  piece  A  forming  one  with  the  underframe,  are  pressed  against 


Fig.  547. — DAURAca  Brakk. 


the  drum.     As  soon  as  traction  ceases  to  act  on  rod  T,  the  spring  R, 
moves  them  away  from  it. 

The  Chenard  and  Walcker  combined  brake  and  clutch  is  shown 
by  Fig.  549.  The  fly-wheel  A  on  the  crank  shaft  has  jaws,  B, 
fitting  into  slots  in  the  outer  member  C  of  the  cone  clutch,  and 
thereby  forming  a  flexible  connection.  C  is  mounted  freely  upon 
the  end  of  the  shaft  D,  which  is  connected  by  coupling  E  to  the 
change-speed  shaft  F.  The  inner  and  sliding  portion,  G,  of  the 
clutch  has  two  cone  faces,  one  engaging  with  the  clutch  member 
C,  and  the  other  with  a  fixed  cast-steel  brake-ring,  H,  which  is 
bolted  to  the  longitudinal  members  of  the  underframe.  The  member 
Grides  upon  a  square  portion  of  shaft  D,  and  normally  is  held  in 
its  forward  position  by  helical  spring  J.      Pedal  K  is  pivoted  at  L, 
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and  operates  the  clutch  through  the  adjustable  stud  M  and  lever 
N.  The  last  named  is  pivot«d  on  rod  0,  and  its  lower  end  is  forked 
to  engage  with  pins  on  the  thrust  collar  P.  The  inner  clutch 
member  G  does  not  come  into  contact  with  the  brake-ring  H  until 
after  it  has  been  withdrawn  from  the  other  clutch  member  C.  The 
pedal  K  can  only  disengage  the  clutch  and  cannot  operate  the  brake. 
A  pedal  to  the  right  of  K.  is,  however,  connected  with  the  clutch  in 
such  a  manuer  as  to  give  a  further  travel  to  the  cone  portion  G. 


Fig.  e4B.— KUBBB  DOL'BLK-ACTINO  BuAXE. 

The  chief  brake  in  the  Velox  car  is  an  actual  part  of  the  trans- 
mission gear,  and  there  are  the  usual  side  brakes  as  well.  In  Fig. 
550  A  is  the  change-speed  gear  box,  B  the  driving  shaft  leading  from 
it,  and  C  the  propeller  shaft  whose  elongation,  D,  drives  the  bevel 
gearing  on  the  live  axle  differential.  The  shaft  B  carries  the 
combined  brake  drum  and  cushion  device  (see  Figs.  550  and  551), 
The  actual  brake  dnim  E  is  keyed  to  shaft  B,  and  contains  another 
casting,  F,  rigid  with  the  outer  part  of  a  6exible  coupling.  Bolts,  G, 
hold  the  two  together,  but  as  they  are  fixed  to  one  end  to  one  part, 
and  ride  in  slots,  H,  in  the]  other  part,  they  allow  a  slight  relative 
rotary  movement  between  the  outer  casting  E  and  the  inner  casting 
F.    To  a  great  extent,  though,  relative  movement  is  prevented  by 
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the  action  of  internal  helical  springs  J ;  but  when  the  car  starts 
from  rest,  or  when  the  load  on  the  motor  is  varied  suddenly,  these 
springs  allow  a  slight  relative  movement  between  the  two  until  the 
bolts  G  are  forced  to  the  ends  of  the  slots  H,  when  the  two  parts 
become  rigid.  The  novel  band  brake  is  designed  to  take  up  any 
wear  that  may  occur,  but  yet  to  ensure  that  the  two  parts  of  the 
metal  band  K  do  not  rub  normally  against  drum  E.  (Fig.  552  is  a 
view  of  the  brake  band.)  The  two  halves  of  the  band  K  are  pivoted 
about  the  fulcrum  pin  L,  carried  in  casting  M,  which  is  pivoted  at 
one  end  to  one  of  the  cross  tubes  of  the  main  frame,  passes 
round  beneath  the  band,  and  terminates  in  the  adjustable  stop  pin 
N.  The  point  of  this  pin  rests  against  the  underside  of  the  lower 
half  band,  and  so  allows  the  spiral  spring  0  to  separate  the  two  parts 
of  the  band  and  hold  them  clear  of  the  drum  E.    The  operating 
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pedal  works  a  rod  and  bell-crank  lever  to  pull  rod  P  from  right  to 
left,  and  so  causing  link  Q  to  tighten  the  band  and  to  give  a  double- 
acting  braking  effect  through  the  adjustable  connecting  pin  B, 
between  the  two  parts  of  the  brake  band.  Of  course,  the  friction 
faces  are  metal-to-metaL 

The  Velox  spring-cushion  device  may  be  referred  to  in  connection 
with  the  above.  At  each  end  of  the  propeller  shaft  C,  Fig.  550  (an 
elongation  of  this  shaft  drives  the  live  axle  diflferential  through  bevel 
gearing)  is  a  flexible-coupling  member,  S  T.  The  external  portion  of 
S  is  rigid  with  the  casting  F,  and  T  is  fixed  to  shaft  D,  upon  whose 
other  end  is  a  small  bevel  wheel  driving  the  differential.  The  shaft 
C  can  accommodate  itself  to  any  likely  relative  movements  between 
the  rear  axle  and  the  frame,  and  is  free  to  move  a  certain  distance  in 
the  direction  of  its  length,  though  normally  it  is  pressed  rearward 
by  a  small  spring-controlled  plunger,  U,  whose  rounded  end  is  in 
contact  with  the  similarly  rounded  end  of  shaft  C.    There  is  a 
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similar  construction,  but  minus  the  spring,  at  W.  There  is  another 
flexible  coupling  between  the  clutch  and  change-speed  gear  box.  The 
object  of  this  arrangement  is  that  when  the  car  is  started  from  rest 
the  shock  inaposed  on  the  gearing  may  be  absorbed  largely  by  springs, 
and  its  effect  cushioned. 

The  pawl  and  devil-drag  or  sprag  are  two  devices  which  may  be 
used  when  a  car  has  not  a  brake  that  will  prevent  backward  motion. 
The  pawl  is  brought  by  the  driver  at  the  required  moment  into  con- 
tact with  a  tatchet  wheel  fixed  on  the  nave  of  the  driving  wheel. 


Fig.  502.— ViLox  BuAXB  Band. 

Sometimes  the  ratchet  is  placed  on  the  differential  box,  though  this  is 
a  bad  arrangement,  because  if  all  the  chains  snapped  the  car  would 
be  deprived  of  all  means  of  preventing  backward  movement  The 
spr^  is  allowed  to  trail  behind  the  car  when  ascending  a  gradient,  and 
by  propping  itself  on  the  ground  it  prevents  all  retrograding.  Baron 
A.  do  Rothschild  invented  a  convenient  device  to  drop  and  lift  the 
drag.  But  it  is  easy  to  foi^et  to  use  the  pawl  or  drag,  or  these  may 
be  so  rarely  employed  in  level  districts  that,  at  the  critical  moment, 
the  device  by  which  they  are  released  may  refuse  to  act;  and  for 
these  reasons  the  use  of  a  band  brake  acting  for  both  directions  is 
strongly  advised.  The  untrustworthiness  of  the  sprag,  owing  to 
its  doubling  up  or  being  over-ridden,  has  been  abundantly  proved 
of  lata 
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CHAPTER  XVI. 

LUBRICATING  DEVICES   FOR  AUTOMOBILES. 

Lubrication  is  of  the  greatest  importance  in  the  operation  of  an 
automobile,  but  it  is  difficult  because  the  parts  requiring  to  be  lubri- 
cated are  mostly  out  of  sight  and  reach  when  the  automobile  is  on 
the  road.  The  parts  to  be  lubricated  are  numerous,  and  include 
the  motor  cylinders,  distributing  and  regulating  mechanism, 
reversing  and  speed-changing  gear,  diiferential,  pinions  and  wheels, 
chains,  bearings,  and  in  general  all  the  parts  exposed  to  friction.  The 
valve-rod  thrust  bearings,  cups  of  the  coupling  plates,  lever  hinges, 
and  steering  gear  must  not  be  forgotten. 

The  lubricants  employed  are  somewhat  varied,  as  their  viscosity 
depends  on  the  pressures  the  pieces  have  to  support  and  the  maimer 
in  which  the  lubricants  are  brought  into  contact  with  the  surfaces. 
ITieir  boiling  and  igniting  points  must  be  at  a  temperature 
higher  than  that  of  the  parts  to  be  lubricated;  this  has  special 
reference  to  petrol  motor  cylinders  and  to  super-heated  steam  motors, 
because  if  the  lubricant  bums  and  decomposes  it  may  cause  the 
motor  to  wedge. 

On  the  other  hand,  lubricants  must  not  freeze  in  winter.  A 
practical  method  of  decreasing  the  freezing  point  of  lubricating  oil  is 
to  add  to  it  a  little  petroleum,  one  part  to  ten,  when  the  temperature 
is  near  freezing  point,  and  a  little  more  when  the  temperature  is  much 
lower.  The  lubricant  should  be  as  stable  as  possible,  and  this  stability 
is  connected  closely  with  its  chemical  qualities — acidity,  oxidability, 
etc.  Consequently  vegetable  oils  more  or  less  siccative  are  not 
desirable.  Mineral  oils  are  more  neutral  than  others  and  do  not 
attack  the  metals  they  lubricate. 

A  perfect  acquaintance  on  the  part  of  the  user  with  the  qualities 
of  the  various  lubricants  would  be  very  valuable,  as  it  would 
enable  the  most  suitable  for  each  particular  case  to  be  selected. 
Superficial  examination  can  enable  a  practical  person  to  form  an  idea 
of  the  consistency  of  oil,  but  he  cannot  say  whether  the  oil  will  be 
suitable  at  the  various  temperatures  of   the  mechanism  it  is  to 
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lubricate.  A.  Chenevier,  director  of  the  laboratory  of  the  Chemins  de 
Fer  du  Midi,  has  invented  an  instrument  by  aid  of  which  a  diagram 
representing  the  degrees  of  fluidity  can  be  constructed  for  an  oil  at 
various  degrees  of  temperature  to  the  maximum  (200°  C.  or  392°  F.) 
it  has  to  undergo  in  a  high-pressiu'e  steam  cylinder,  say  of  a  railway 
locomotive.  This,  however,  would  be  insufficient  for  petrol  motors, 
and  as  the  matter  is  so  important  it  would  be  a  good  thing  to  test 
automobile  lubricating  oils  as  Chenevier  did  those  employed  for 
railway  vehicles. 

Melted  tallow  chiefly  is  employed  for  lubricating  chains ;  a 
consistent  grease  for  pinions,  chain  wheels  and  bearings ;  animal  oil, 
as  far  as  possible  neat*s-foot  oil,  for  steam  cylinders,  and  fluid  oils  for 
petrol  motor  cylinders,  for  which  also  mineral  oils  or  oleonaphthas  are 
much  employed,  as  they  boil  only  above  300"  C.  (672''  F.).  At  the 
present  time  oleonaphthas  are  made  which  are  most  varied  in  aspect 
and  properties,  from  fluid  oils  to  consistent  grease  like  tallow.  They 
alone  are  employed  for  the  motor  cylinders,  and  they  also  can  be 
used  for  distributing  mechanism,  toothed  gear,  and  hinges. 

The  methods  of  applying  lubricants  vary.  Chains  are  dipped  into 
melted  tallow  and  put  into  their  places  when  the  grease  has  cooled, 
though  sometimes  they  are  oiled  while  in  position  by  aid  of  a  brush 
or  oil  can.  Bearings,  bevel  wheels,  hinges,  and  parts  having  oil  holes 
generally  are  fed  with  a  can.  Pinions,  chain  wheels,  and  exposed 
gear  are  coated  with  consistent  grease  by  aid  of  a  brush  and 
sometimes  with  thick  grease  made  hot  Patent  wheel  boxes  have  a 
small  quantity  of  oil  poured  into  them.  The  parts  enclosed  in  gear 
cases  (cranks,  speed-changing  gear,  and  differential)  are  lubricated 
automatically  by  simply  working  in  oil,  which  merely  requires  to  be 
replenished  from  time  to  time.  These  systems  of  lubrication  are  very 
effective,  the  last  especially,  and  are  exceedingly  simple.  Generally, 
inexperienced  motorists  lubricate  the  motor  a  great  deal  too  much. 
To  form  an  idea  of  what  is  necessary,  it  may  be  said  that  a  500  h.p. 
steam  engine  is  lubricated  sufficiently  by  one  drop  of  oil  per  minute ; 
whilst  a  petrol  motor,  like  that  for  automobiles,  must  not  have  more 
than  six  to  eight  drops  per  minute.  Excess  of  lubricant  in  a  petrol 
motor  cylinder  is  injurious,  because  it  disturbs  the  composition  of  the 
carburetted  mixture  and  deprives  the  explosion  of  part  of  its  force. 

The  modes  of  lubricating  deserving  greater  attention  are  those 
which,  instead  of  supplying  at  one  time  sufficient  lubricant  to  last  for 
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a  more  or  loss  long  period,  supply  it  continuously  and  precisely  as  it 
is  required.  Lubricators  of  this  tj-pe  must  be  sure  in  spite  of  the 
vibrations  of  the  car,  variations  of  temperature,  and  the  greater  or  less 
fluidity  of  the  oil.  They  must  not  supply  an  excess,  so  that  oil  is 
spilled,  and  they  must  allow  of  being  regulated  independently  of  each 
other.  It  must  be  easy  to  stop  and  start  them  with  the  motor,  or  at 
least  with  the  car,  or,  what  is  better,  they  must  stop  and  start  auto- 
matically with  the  motor  and  car.  It  is  doubtful  whether  one 
apparatus  possesses  all  these  qualifications. 


Fig.  543.— HOCHQEBANn  OLlOPDLyXEtElt. 

Lubricators  can  be  divided  into  two  chief  classes,  according  as 
they  are  based  upon  the  natural  working  of  physical  phenomena 
(gravity,  condensation  of  steam,  suction  of  pistons),  or  are  worked 
mechanically. 

Physical  lubricators  first  will  be  described.  Those  with  falling 
drops,  as  a  rule,  are  not  reliable,  imless  at  each  instant  their  working 
is  observable  by  the  fall  of  a  drop  of  oil  into  a  glass  tube. 

The  Hochgesand  oleopolpneler,  &hown  by  Fig.  553,  is  constituted 
by  a  bronze  box  10  cm.  x  5  cm.  (39  in.  x  1-9  in.),  the  width  l>eing 
varied  according  to  the  number  of  feeds  required,  so  as  to  contain 
150  g.  (53  oz.)  of  oil  per  feed.  Each  of  them  is  ri^ulated  separately 
by  a  rod  with  cone-shaped  end  resting  on  a  milled  nut  by  means  of  a 
hinged  button.    \Vlien  this  button  is  flat,  feeding  is  stopped ;  and 
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when  raised  tho  oil  escapes  in  a  quantity  r^ulated  by  the  position  of 
the  milled  nut.  When  the  rod  is  raised  the  oil  flows  copiously,  so  a^ 
to  quickly  fill  the  pipes  at  the  time  of  starting.  The  milled  nut  is  pro- 
longed by  a.  dipping  tube,  in  which  a  spring  supports  the  regulating 
rod.  The  air  not  being  able  to  enter  the  box  otherwise  than  by  the 
space  comprised  between  the  regulating  rod  and  the  dipping  tube,  the 
flow  of  oil  is  maintained  constant  whatever  the  level  of  oil  in  the  box. 
In  fact,  this  flow  depends  solely  upon  the  height  comprised  between  the 
lower  end  of  the  tube  and  the  end  of  the  regulating  rod.  Each 
oil  outlet  has  a  light  valve  which  prevents  the  oil  being  forced  back. 

The  Holt  automatic  lubri- 
cator for  cylinders  (Fig.  554)  is 
based  on  the  play  of  a  dia- 
phn^m,  A ;  when  the  motor 
piston  sucks  the  carburetted 
mixture  the  -  diaphragm  rises, 
and  the  valve  S  allows  a  cer- 
tain amount  of  oil  to  pass  and 
run  into  the  cylinder.  More- 
over, this  amount  always  is  the 
same,  because  the  vessel  com- 
municates with  the  air  by  hole 
O,  and  the  cylinder  C  is  kept 
full      by      the       liquid      brought  Fig.  6S4.— Holt  Lubkicator. 

through  tube  T  ;  when  the  clia- 

phragm  rises,  the  liquid  falls  into  the  cylinder  by  groove  R. 

The  Brunier  continuous  lubricator  for  cylinders  works  in  the 
following  way : — The  hollow  piston  P  (Fig.  555)  has  channels  a  b,  in 
which  is  pipe  ( ;  by  means  of  this  pipe  the  oil  or  grease  under  pressure 
reaches  the  groove  r  covered  by  a  perforated  band  of  metal  p :  these 
perforations  distribute  oil  over  all  the  circumference  of  the  piston.  A 
current  of  water  flows  to  the  inside  of  the  piston  through  the  channels 
a  b,  and  after  having  cooled  it  and  the  lubricant,  it  escapes  through 
channel  d.  This  lubricator  is  certainly  combined  so  as  to  bring  the 
oil  to  the  points  where  needed  ;  but  perhaps  obstruction  of  the  tube 
is  to  be  feared. 

Of  lubricators  with  rising  drops,  the  C'onsolin  apparatus  is  an 
instance.  It  is  employed  with  steam,  and  is  based  upon  condensation 
of  the  steam    below  the  oil    Most  physical  lubricators  have  the 
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inconvenieoce  of  not  stopping  with  the  motor,  so  that  unless  their 
working  is  interrupted  the  oU  continues  to  flow  uselessly. 

The  simplest  of  non-automatic  mechanical  lubricators  is  the  hand- 
worked apparatus  which  is  within  reach  of  the  driver,  who  works  it 
from  time  to  time  during  a  journey.  It  is  very  reliable,  and  many 
good  constructors  employ  it  to  lubricate  tho  cylinder. 


Fig.  66fi.— Bhobliii  Lvbbicatob. 
Fig.  5S6. — Dretdal  Tekhincs  Lcbbicatob. 


Of  automatic  mechanical  lubricators  working  by  compression,  the 
Mollerup  lubricator  is  a  type.  It  is  employed  for  steam  cylinders, 
but  will  not  bo  described  here,  as  it  differs  only  slightly  from  the 
Terminus  lubricator  (see  below),  in  which  the  pawl  and  ratchet,  which 
wears  yery  rapidly  and  makes  a  noise,  are  replaced  by  another  device ; 
the  Terminus  is  preferred  to  it,  because  it  is  not  so  heavy,  and  more 
precisely  regulated  for  the  amount  of  oil  to  be  fed. 

The  Drevdal  Terminus  lubricator  is  shown  by  Fig.  566.  A  is  a 
cylinder  filled  with  oil,  in  which  moves  pbton  D,  mounted  in  a  movable 
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nut  on  the  screw  E ;  this  screw  tumB  under  the  action  of  the  spiral 
gear  wheel  G,  which  is  driven  by  an  endless  screw  upon  an  extension 
of  which  the  driving  wheel  I  is  keytid.  This  wheel,  which  occupies 
the  place  of  the  Mollenip  ratchet,  has  a  projecting  cordon  on  each  face, 
upon  which  the  dog  L  bites.  K  is  a  rod  forming  the  end  of  a  chape 
mounted  on  the  radius  of  the  wheel;  0  is  a  slide  piece  connected 
with  a  little  rod  which  receives  slight  motion  (2  cm.  to  3  cm ;  78  in. 
to  1-18  in.)  from  the  machina    The  oil  driven  away  by  foil  of  the 


piston  is  conveyed  to  the  point  to  be  lubricated  by  a  small  copper  tube 
with  a  retaining  valve  to  keep  it  full  when  the  apparatus  is  at  rest. 
The  type  holding  300  g.  (1058  oz.)  of  oil,  used  on  the  Scotte  cars, 
enables  a  journey  of  130  km.  (807  miles)  to  be  mode  without  a  new 
supply.  For  lighter  cars  an  aluminium  apparatus  can  be  had  to 
contain  from  50  g.  to  100  g.  (176  oz.  to  35  oz.). 

Some  automatic  mechanical  lubricators  work  by  suction  and 
forcing.  lu  this  class  are  found  first  the  pumps  directly  connected 
with  a  part  of  the  machine  without  reduction  of  motion,  a  foct  which 
limits  their  employment  to  machines  of  low  rates  of  speed ;  secondly, 
some  apparatus  is  rather  more  complicated. 

The  Drevdal  oleopump  is  shown  by  Fig.  567,    In  the  pump  barrel 
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A,  kept  full  of  oil  by  communication  with  the  vessel  H,  there  is  a 
piston  B,  which  descends  under  the  action  of  the  double  cam  C, 
mounted  on  the  shaft  D,  and  rises  by  the  action  of  the  spring  to  be 
seen  below.  This  upward  movement,  which  causes  suction  of  the  oil, 
takes  place  abruptly  twice  per  revolution,  and  the  descending  motion, 
which  forces,  is  almost  continuous.  The  cone  G  acts  as  a  slide  valve, 
bringing  the  pump  barrel  alternately  into  commimication  with  the 
oil  tank  and  the  oil  distributing  pipe.  Shaft  D  is  driven  by  a  ratchet 
wheel  under  the  action  of  the  pawl  F  fixed  on  lever  I,  which  is  given 
a  slight  movement  by  the  motor.  The  delivery  is  regulated  by 
milled  nut  K.  The  oleopump  is  employed  to  lubricate  petrol 
cylinders,  and  it  can  b^  constructed  with  several  force  pipes. 

In  the  Bourdon  multiple  lubricator  (Fig.  558)  a  shaft  M  passes 
through  the  top  part  of  the  receptacle  R  and  is  set  in  motion  by  a 
ratchet  wheel,  a  pawl,  and  a  lever  not  shown  in  Fig.  362,  but 
resembling  those  of  the  Drevdal  oleopump.  Shaft  M  carries  an 
eccentric,  which  is  caught  by  the  fork  F,  which  thus  receives  a 
vertical  alternating  motion.  On  the  lower  branch  of  this  fork  as 
many  pistons  are  screwed  as  there  are  parts  to  be  lubricated,  and  each 
of  them  moves  in  a  pump  barrel  C  containing  an  orifice  through 
which  the  oil  is  sucked  from  the  tank  by  the  piston ;  also,  each  is 
furnished  with  a  jacket  which,  when  the  piston  descends,  prevents  all 
back  flow  of  oil  to  tank.  As  the  useful  effect  begins  at  the  instant 
when  this  jacket  covers  the  orifice,  it  can  be  understood  how  the 
delivery  of  the  pump  can  be  made  to  vary  by  screwing  the  rod  T 
more  or  less  into  fork  F.  The  forced  oil  is  conveyed  by  the  pipe  b 
to  the  point  to  be  lubricated.  H  is  a  retaining  valve  which  prevents 
the  pipe  being  emptied. 

The  Henry  Hamelle  multiple  lubricator  (Fig.  659)  has  its 
mechanism  in  a  rectangular  case,  which  at  the  lower  part  con- 
tains the  oil  delivery  pipes,  each  of  which  is  connected  with  a 
pump  N,  K,  whose  barrel  N  has  a  stamped  leather  at  the  top  and  a 
force  valve  P  at  the  lower  part.  Piston  K  has  a  cross-head  driven  by 
a  spring  which  regulates  its  upward  stroke.  The  oil  enters  the  pump 
through  the  wire  gauze  strainer  surrounding  the  piston  K.  The  latter 
is  driven  downwards  to  force  the  oil  by  lever  H,  worked  by  crank  E 
mounted  on  shaft  D ;  the  shaft  is  itself  governed  by  the  motor  by  aid 
of  toothed  wheel  C,  the  endless  screw  B,  and  pulley  A;  in  the  groove 
of  the  pulley  is  placed  an  endless  cord.     The  delivery  of  each  pump 
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is  regulated  by  the  screw  which  passes  through  lever  H ;  when 
screwed  down  as  tightly  as  possible  there  is  a  maximum  delivery. 
The]  position  of  this  screw  can,  by  aid  of  an  ingenious  device,  be 
regulated  to  one-sixth  of  a  turn. 

In  the  Rochester  Pony  lubricator  (Fig.  560),  for  use   especially 
with  steam  motors,  a  plunger  pump  draws  oil  from  the  metal  reservoir 


Fig.  G£S. — BouHDON  Mi'LT 

LVBRICATOK. 

Fig.   659.— Hamsllb  MtLi 


A,  provided  with  a  strainer  and  a  hinged  Ud,  B,  and  forces  it  out  of 
pipe  C,  which  leads  to  the  ateam  chest  of  the  motor.  A  projecting 
piece,  D,'  engages  in  a  slot  in  the  pump  plunger  E,  and  the  point  of 
so  adjusting  screw,  F,  in  the  end  of  the  plunger,  comes  into  contact 
with  D ;  thus  the  amount  of  play  between  plunger  E  and  piece  D 
is  variable  The  pump  is  operated  by  a  rod  fixed  at  one  end  to  lever 
G,  and  at  the  other  to  the  crossbead  or  other  reciprocating  part ;  holes 
in  lever  G  provide  for  adjustment.    As  the  lever  is  rocked  to  and 


508  THU    AUTOMOBILE. 

fro,  the  ratchet  wheel  H  and  reciprocating  mechanism  act  upon 
the  projection  D,  and  give  a  gradual  backward  and  forward  move- 
ment to  the  plunger  E  in  the  pump  cylinder.  This  apparatus  has 
the  advantages  of  simplicity  and  quiet  working,  and  the  oil  feed 
positively  forced  into  the  steam  chest  depends  upon  the  speed  of 
the  motor. 

The   Albany   sight^feed  lubricator    for  steam   motor  pistons    is 
illustrated  by  Fig.  561,  in  which  A  is  a  hand  wheel  permitting  some 
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of  the  steam  passing  from  the  boiler  to  enter  pipe  A'  and  fiow  out 
at  pipe  A',  the  steam  on  its  way  taking  up  oil  fed  from  reservoir  D. 
The  steam  supply  pipe  is  a  branch  forming  its  own  circuit  with  the 
main  steam  pipe.  A  second  steam  pipe  from  the  boiler  is  attached  at 
B',  and  the  hand  wheel  B  regulates  the  flow  of  steam  through  this 
connection  into  the  reservoir  D.  A  pipe  leads  down  into  the  bottom 
of  the  reservoir  D,  and  the  steam  entering  at  Bi  tends  to  force  the 
oil  up  this  pipe.  But  for  this  second  steam  supply  the  oil  would  be 
retarded  by  the  steam  entering  at  A'.  Hand  wheel  C  controls  the 
quantity  of  oil  fed  to  the  cylinders.  Some  steam  necessarily 
condenses  in  the  apparatus,  and  finds  its  way  into  the  reservoir; 
consequently  after  a  time  the  lubricating  oil  is  displaced  by  distilled 
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water.    The  adjustment  is  such  that  anything  from  twelve  drops  a 
minute  to  one  drop  in  twelve  minutes  can  be  arranged  for. 

DubruUe's  multiple-supply  lubricator,  so  extensively  used  on  petrol 
cars,  both  French  and  British,  is  autoinattcally  stopped  and  started 
and  maintained  in  workii^  condition  by  the  action  of  the  exhaust  gas. 
It  is  a  simple  appliance  which  may  be  placed  in  any  position  on  the 
car.     It  will  eject  oil  against  a  pressure  equal  to  that  in  the  motor 
suction   pipe.      The   apparatus  consists  of  a  container  on  which  is 
mounted  a  range  of  sight-feeds,  each  having  a  separate  adjustment  by 
means  of  a  needle  valve.    These  sight-feeds  communicate  with  the 
fittings  placed  below  the  container  by  tubes  passing  through  this  but 
not  communicating  with  it.     The  central  metallic  tube  projecting 
vertically  from  the  container  connects  the 
two  sight-feeds  together  and  supplies  them 
with  oil ;  another  tube  connects  the  con- 
tainer with  the  motor  exhaust  pipe.    The 
pressure  necessary  to  work  the  apparatus 
is  slight,  being  only  about   20  g.  per  cm.' 
("28  lb.  per  sq.  in.).      The  motor  having 
started,    the  slight    pressure    necessary    is 
produced  on  the  surface  of  the  oil  in  the 
container,   and  forces    oil   up    the   central 
metallic  tube  to  the  range,  the  oil  flows 
though   the    sight-feeds  (the    drops   being 
in  full  view  of  the  driver),  and  the  lubri- 
cation of  the  parts  follows.    On  stopping  the 
motor,  the  pressure,  of  course,  ceases,  and 
the  oil  contained  in  the  sight-feed  range  falls  back  into  the  contained 
and  the  lubricator  ceases  to  act.    The  working  of  the  lubricator  is 
absolutely  controlled  by  that  of  the  motor,  and  it  starts  and  stops 
without  manipulation  of  any  kind.     Fig.  562  shows  an  apparatus  with 
two  sight-feeds,  and  with  two  auxiliary  pumps,  one  for  oil  and  the 
other  for  petrol  spirit     This  is  fitted  by  W.  H.  Dorey  of  Paris. 
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CHAPTER  XVII. 

STEAM   AUTOMOBILE   CARRIAGES. 

The  plan  or  general  arrangement  of  a  heavy  steam  car  should  bo 
understood  easily  after  reading  the  previous  chapters.  The  boiler 
and  steam  motor  usually  are  placed  close  together  in  front  of  the 
vehicle  under  the  eye  of  the  attendant ;  when  they  are  separated, 
the  boiler  is  in  the  rear  with  or  without  an  attendant.  The 
coke  bunker  is  within  the  reach  of  the  attendant,  and  the  water  tank 
is  hidden  under  the  passengers*  seats  or  under  the  frame  of  the  car, 
an  air  condenser  generally  being  on  the  roof  There  is  a  toothed 
transmission  gear  with  at  least  two  changes  of  speed  and  a  differential 
to  assure  independence  of  the  driving  wheels  in  turning  corners. 
Endless  chains  or  a  live  axle  transmit  motion  to  the  wheels ;  there 
is  no  reversing  gear,  retrograde  motion  being  obtained  by  reversing 
the  motor.  A  brake  acting  directly  on  the  wheels  suffices,  because  the 
reversal  of  the  motor  is  reckoned  as  one  of  the  brakes ;  there  is  no 
special  device  to  prevent  running  backwards.  Two  axles,  one  with 
two  pivots  or  a  pin,  assure  steering,  there  is  a  main  frame  and  a 
body,  transmission  and  lubricating  apparatus.  And  now  lurries 
and  other  heavy  vehicles  will  be  treated  in  detail. 

Eight  of  the  principal  systems  of  heavy  steam  vehicles  may  be 
compared  one  with  another  as  regards  general  arrangement  by  means 
of  the  diagrams,  Figs.  563  to  568,  which  are  from  the  Automotor 
Journal.  Until  just  recently,  steam  cars  on  the  English  market  were 
mostly  of  the  heavy  goods-delivery  and  haulage  type,  and  it  is 
interesting  to  note  how  eight  of  the  most  important  builders  have 
distributed  the  boiler,  motor,  gearing,  tanks,  condensers,  etc.  In  all 
the  systems  illustrated,  A  denotes  air  fan ;  B,  boiler ;  C,  condenser ; 
D,  differential  gear ;  E,  engine ;  G,  gearing ;  H,  hot-water  tank ;  O, 
oil  tank ;  S,  steering  wheel ;  W,  water  tank ;  and  X,  auxiliary  engine. 
In  all  but  one  case  the  boiler  is  in  front  and  above ;  the  exception  is  the 
Musker  vehicle  (Fig.  563),  which  has  a  horizontal  boiler  and  a  special 
fan  or  draught  for  the  burner,  placed  transversely  under  the  middle 
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S       Fig.  563.— MusiLXB  Lukrt. 
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of  the  car ;  a  funnel  is  not  necessary.  It  is  important  to  have  the 
boiler  and  motor  as  near  as  possible  to  the  main  driving  wheels,  in 
every  case  the  rear  wheels,  because  though  when  loaded  the  weight  is 
largely  distributed  over  the  driving  wheels,  yet  when  running  light 
there  may  not  be  sufficient  weight  upon  the  driving  wheels  to 
produce  tractive  effort  if  the  boiler  and  part  of  the  motor  are  carried 
upon  the  steering  wheels.  The  positions  of  the  motors  also  form  a 
point  of  difference.  In  the  Thornycroft  and  Lifu  systems  (Fig.  664) 
and  in  the  Musker  systems  (Fig.  563)  the  horizontal  motor  is  in  the 
middle  and  the  main  driving  wheel  is  driven  by  means  of  toothed 
gearing.  The  Coulthard,  Leyland  (both  of  these  are  shown  by  Fig. 
565),  and  Clarkson  and  Capel  systems  (Fig.  566)  have  vertical  motors 
whose  motion  is  transmitted  to  the  main*  driving  wheel  by  chain 
gearing  operating  through  a  counter-shaft.  The  Bayley  lurry 
(Fig,  667)  has  a  vertical  motor,  and  its  motion  is  transmitted  by  a 
horizontal  longitudinal  shaft,  which  drives  a  counter-shaft  by  means 
of  bevelled  gearing,  the  counter-shaft  driving  the  main  driving  wheel 
by  a  pinion  and  spur  wheel.  The  Simpson  and  Bodman  system 
(Fig.  568)  has  its  pair  of  motors  in  a  convenient  and  accessible  position, 
and  their  weight,  together  with  that  of  the  gearing,  tends  to  increase 
the  tractive  effort  of  the  main  driving  wheels  when  running  light. 
A  further  important  point  of  difference  is  that  the  Musker,  Leyland, 
Coulthard,  and  Clarkson  and  Capel  vehicles  have  condensers,  whereas 
in  the  Thornycroft,  Lifu,  Simpson  and  Bodman,  and  Bayley  vehicles 
the  superheated  steam  is  relied  on  as  being  too  hot  to  be  visible  when 
emitted. 

The  Musker  steam  lurry  shown  in  side  elevation  by  Fig.  569, 
and  in  plan  by  Fig.  570,  is  constructed  on  a  novel  system,  the 
object  being  to  obtain  automatic  control  of  the  mechanism.  Its 
chief  features  are  the  manner  of  suspension  of  the  propelling 
mechanism,  the  boiler,  and  an  ingenious  use  of  by  -  passes ;  the 
driver's  duties  consist  solely  of  regulating  the  steam  supply  to  the 
motors  and  of  steering  the  vehicle.  The  whole  of  the  machinery 
is  carried  on  a  separate  underframe,  which  is  suspended  indepen- 
dently by  springs  from,  and  between,  the  front  and  rear  axles.  The 
Musker  flash  boiler  (see  p.  68)  is  heated  by  an  oil  burner  (see  p.  68), 
and  the  supply  of  petroleum,  air  and  water  is  in  fixed  proportions, 
the  feeds  being  regulated  automatically  by  a  mechanical  stoker 
which  takes  the  form  primarily  of  a  constantly  running  auxiliary 
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engine,  and  secondarily  of  automatically  working  valves.  Figs.  569 
and  570  show  an  experimental  waggon,  it  having  been  converted  from 
a  horse  -  drawn  waggon  used  in  the  Liverpool  docks  for  loads  ot 
between  6  and  7  tona  The  wooden  platform  A  measures  5 18  m. 
by  1*98  m.  (17  ft.  by  6  ft.  6  in.),  and  on  it  is  the  driver's  seat  B ;  the 
platform  is  carried  upon  the  front  and  rear  axles  C  by  four  strong 


Figs.  569  and  570. — Elevation  and  Plan  of  Musker  Steam  Lurhy. 
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springs  D.  The  front  wheels,  91 '4  cm.  (3  ft.)  in  diameter,  and  fitted 
for  steering  on  the  Ackermann  system  {see  Fig.  442,  p.  436),  are 
connected  to  the  steering  wheel  E  through  the  rods  and  screw  F. 
The  rear  wheels,  99  cm.  (3  ft.  3  in.)  in  diameter,  are  fitted  with 
6*34  mm.  (i  in.)  steel  plates  bolted  to  and  recessed  into  the  inside 
of  the  felloea  Driving  chain  wheels  are  bolted  to  these  plates,  so 
that  the  driving  power  is  applied  direct  to  the  rims  of  the  wheels. 
Flanges  bolted  to  the  naves  prevent  their  bushes  from  working  loose. 
All  the  wheels  have  tyres  127  cm.  (5  in,)  wide.  All  the  machinery 
H  H 
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is  fixed  on  an  oak  iinderframe  G  strengthened  with  thin  iron  plates 
and  supported  from  the  axles  C  by  four  bolts  H  provided  with 
Bpiral  springs  J  of  a  strength  to  suit  the  load.  Fig.  509  shows  the 
attachment  of  the  platform  to  the  front  axle,  the  angle  plates  K 
being  secured  to  the  axle.  The  attachment  to  the  rear  axle  is 
shown  in  detail  by  Figs.  571  and  572;  the  suspension  bolts  H  are 
connected  by  a  joint  with  the  rods  L,  and  the  springs  M  are 
enclosed.  The  other  letter 
references  in  these  figures  are 
the  same  as  in  Figs.  56!)  and 
570,  in  which  figures  the  boiler 
N  is  shown  fixed  across  the 
underframe;  it  has  three 
tubular  concentric  coils,  a 
liquid  fuel  burner  being  fixed 
to  and  forming  a  continuation 
of  the  boiler.  The  burner  lies 
to  the  left-hand  side  of  the 
underframe,  and  the  feed-water 
(0)  and  steam  (P)  connections 
to  the  right-hand  side.  The 
mechanical  stoker  is  indicated 
in  Figs.  5(i9  and  570  ;  its  parts 
are :  a  small  auxiliary  motor, 
Q,  supplied  with  steam  from 
the  boiler  through  pressure- 
reducing  valves  R  and  S ;  a 
centrifugal  fan,  T,  driven  by 
toothed  gearing  at  a  high  rate 
of  speed  and  delivering  air  to 
the  burner ;  oscillating,  valve- 
U  and  V  driven 


by  a  half-speed  shaft  and  supplying  water  and  oil  respectively  to  the 
boiler,  the  pump  ports  being  opened  and  closed  by  the  movement 
given  them  by  the  auxiliary  motor;  and  an' automatic  throttle  valve 
W,  and  a  pressure  device  X.  A'alves  K  and  S  are  set  to  give 
pressures  respectively  of  7  kg.  and  35  kg.  per  cm.-  (100  lb,  and 
50  lb.  per  sq.  in.).  The  action  of  the  parts  forming  the  mechanical 
stoker  is  as  follows: — When  the  motor  Q  is  supplied  with  steam  at 
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3'5  kg.  per  cm.*  (50  lb.  per  sq.  in.)  through  the  valve  S  only,  it  is 
barely  possible  to  supply  sufficient  air,  oil,  and  water  to  the  boiler 
to  maintain  the  necessary  amount  and  pressure  of  steam  required  to 
make  up  for  condensation,  waste,  and  for  its  own  consumption.     As 
soon,  however,  as  the  boiler  pressure  begins  to  decrease,  the  pressure 
in  the  feed-water  pipe  and  consequently  in  the  pressure  device  X 
also  decreases,  and  the  throttle  valve  W  then  opens.      In  this  way 
steam  at  a  pressure  of  7  kg.  per  cm.^  (100  lb.  per  sq.  in.)  passes  from 
the  valve  R  to  the  auxiliary  motor,  and  it  then  runs  at  a  higher  speed 
and  delivers  more  fuel  and  water  to  the  generator.     Thus,  under 
working  conditions,  the  automatic  valve  W  continually  is  regulating 
the  speed  of  the  auxiliary  motor  and  thus  keeping  the  boiler  pressure 
constant,  in  spite  of  variations  of  load.     Two  constant,  adjustable  by- 
passes in  the  delivery  pipes  from  the  oil  and  water  feed  pumps  allow 
a  certain  quantity  of  the  feed  to  return  to  the  respective  supply  tanks; 
also  there  is  an  automatically  controlled  by-pass  in  the  steam-pipe 
supplying    the    auxiliary   motor.       The    main    motor  Y   has   four 
cylinders,  and  makes  500  revolutions  per  minute,  at  which  speed 
the  waggon  travels  at  8  km.  (5  miles)  per  hour.     The  normal  working 
steam  pressure  is  17*6  kg.  per  cm.^  (2501b.  per  sq.  in.),  and  the  steam 
is  superheated  to  315-5°  C.  (600°  F.).     The  oil  tank  Z  in  front  of  the 
boiler  holds  one  day's  supply,  113*5   J.   (25  gal.),  and   the  water 
tanks  Z  X,  holding  660  1.  (144  gal.),  more  than  half  a  day*s  supply, 
are  fixed  at  the  back.     Lack  of  space  prevents  a  fuller  description 
here  of  what  is  a  very  interesting  and  important  attempt  at  steam 
car  construction  on  new  lines;  but  it  may  be  said  that  since  the 
above  experimental  car  was  made  the  same  makers  have  introduced 
their  commercial  type,  little  differing  from  the  one  here  described. 
One  type  of  Musker  waggon  uses  coke  fuel,  and  in  this  the  automatic 
devices  are  retained  partly,  but  an  auxiliary  motor  is  not  used. 

The  Thomycroft  Steam  Waggon  Company,  of  Chiswick,  had  a 
tractor  intended  to  haul  a  5-ton  dray.  Two  spiral  gear  wheels 
on  the  driving  shaft  coidd  each  gear  with  the  differential  wheel,  thus 
giving  ratios  of  reduction  of  12  to  9  to  1.  Renolds  chains  transmitted 
power  from  the  differential  shaft  to  the  toothed  wheels  of  the  rear 
driving  wheels.  The  steam  brake  exerted  a  pressure  of  2,280  kg.  (5,016 
lb.)  on  the  driving  wheel  naves,  and  screw  brakes  operated  shoes  on 
the  tyres  of  the  same  wheels.  Steel  exclusively  was  employed  for 
building  this  tractor,  excepting  the  motor  attendant's  cab,  which  was 
H  H  2 


516  THE   AUTOMOBILE, 

made  of  oak.  The  hauled  dray,  the  platfonn  of  which  was  steel  or  wood 
(steel  is  preferable  because  it  gives  a  lighter  floor,  without  being  too 
noisy  during  motion),  had  only  two  wheels.  Its  fore  part  rested  on  the 
rear  of  the  tractor  on  a  hinged  steering  ring,  allowing  vibrations  in 
two  vertical  planes.  The  wheels  of  this  dray  had  a  screw  brake.  Its 
platform  is  10  m.^  (107  6  sq.  ft.);  the  weight  of  the  tractor  and  dray 
empty  was  3*91  tons,  and  with  water  and  fiiel  it  was  4*32  tons.  The 
loaded  dray  was  hauled  at  a  speed  of  8  km.  (4*97  miles)  per  hour  on  the 
level,  and  express  speed  was  possible  only  when  the  dray  was  empty. 
The  same  company  entered  at  the  Liverpool  trials  of  1898  a  steam 
lurry  of  2*5  tons  useful  load,  with  an  available  surface  of  5*5  m.°  (59*2 
sq.  ft.),  and  weighing  slightly  more  than  2*8  tons  empty. 

The  Thornycroft  Steam  Waggon  Company's  7-ton  lurry  has  a 
frame  built  of  channel  steel,  and  a  platform  built  of  oak  and  steel. 
The  frame  {see  Figs.  573  and  574)  is  supported  upon  the  rear  axle 
by  semi-elliptic  springs,  and  is  carried  above   the  front  axle  by  a 
single  transverse  spring.      A  special  arrangement  of  horn  plates 
ensures  flexibility  and  a  three  point  suspension,  coupled  with  strength 
and  rigidity  in  the  necessary  planes.    The  boiler  (p.  53)  is  fixed  to  the 
framework  just  behind  the  front  axle,  and  between  it  and  the  front 
of  the  waggon  a  centrally  arranged  funnel  K  and  a  combined  feed 
heater  and  exhaust  silencer  J  are  placed.      The  boiler  cover  M,  and 
an  adjustable   door   R  in   the  ash   pan  serve    for    regulating  the 
draught,  the  latter  being  controlled   by  a  sliding  rod  in  the  floor 
on  the  left-hand  side  of  the  driver.     A  spark  arrester  is  fixed  in  the 
funnel      To  the  right  of  the  driver's  seat  N   is  a  reversing  gear 
handle  S  mounted  wth  the  usual  quadrant,  and  this  has  two  for- 
ward notches  corresponding  with  cut-offs  of  f  and  i,  besides  the 
intermediate   and  the  reversed   positions.      There   is  a  handle  for 
regulating  a   by-pass   on    the    delivery   pipe  from   the  force-pump 
through  the  feed  heater  to  the  boiler.    The  coke  bunkers  on  each  side 
of  the  boiler  hold  sufficient  for  an  80  km.  (50-mile)  run.     Four  cocks 
to  which  steam  can  be  admitted  from  a  single  cock  near  the  throttle 
valve  on  the  boiler  are  fixed  to  the  bunker  on  the  right-hand  side, 
and  they  distribute  steam  to  either  of  the  four  following  parts: — 
A  water  filter,  for  filling  the  tanks,  steam  blast  for  accelerating  the 
raising  of  steam,  a  by-pass  for  admitting  live  steam  to   the  low 
pressure  cylinder,  and  a  steam  jet  for  cleaning  the  boiler  tubes. 
The  larger  of  the  two  water  tanks  is  placed  beneath  the  frame  at  the 
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back  of  the  vehicle,  and  the  second  one  is  on  a  higher  level  and  gives 
a  head  of  water  both  to  the  pump  and  to  the  injector.     The  two- 


cylinder  compound  motor  A  (p.  !)!))  is  fixed  horizontally  beneath  the 
framework,  and  is  completely  cased.  The  exhaust  steam,  after  passing 
through  the  foed-heater.  is  taken  into  the  smoke  box  and  discharged 


518  THE   AUTOMOBILE. 

invisibly  from  the  funnel.  The  transmission  gear  consists  of  two 
machine-cut  pinions  riding  upon  a  square  part  of  the  motor  shaft, 
and  either  of  them  may  be  made  to  engage  with  corresponding  spur 
wheels  C  on  the  countershaft.  The  countershaft  is  divided  into 
three  pieces,  C,  D,  and  E,  with  special  universal  joints  between  them ; 
and  the  portion  carrying  the  spur  wheels  follow*  the  motions  of  the 
motor  and  frame.  The  intermediate  part  serves  as  a  flexible  coupling 
between  the  first  part  and  a  third  part,  and  allows  of  the  remainder 
of  the  transmission  gear  following  the  movements  of  the  rear  axla 
Power  is  transmitted  from  the  countershaft  to  the  differential  gear  F 
on  the  axle  by  a  pair  of  double  helical  cast-steel  pinions.  The 
portion  E  of  the  countershaft  is  carried  in  a  pair  of  brackets 
mounted  about  the  rear  axle  and  stayed  by  a  link  hinged  to  the 
underframe.  This  device  is  known  as  the  Thornycroft  patent  bell 
crank  drive.  The  rear  wheels  are  driven  from  the  differential  gear 
through  flexible  drives,  leaf  springs  being  replaced  by  an  arm  carry- 
ing four  helical  springs  in  compression.  The  central  member  of  the 
rear  axle  is  carried  through  from  end  to  end ;  on  the  left-hand  side 
of  the  lurry,  where  it  passes  through  the  sleeve,  driving  the  road 
wheel,  it  carries  a  kind  of  band  brake,  which  normally  rides  freely 
about  a  drum,  forming  part  of  the  rear  wheel.  This  brake  can  be 
caused  to  grip  the  drum  and  in  this  way  lock  the  differential  gear. 
Steering  is  on  the  Ackermann  system,  the  inclined  shaft  and  hand- 
wheel  being  illustrated.  A  second  hand  wheel  L  on  a  vertical  shaft 
is  connected  through  a  screvv  and  strong  connecting  rods  to  a  pair  of 
block  brakes  acting  on  the  rear  wheel  tyres.  Letter  references  in 
Figs.  573  and  574  not  yet  explained  are  B,  crank-shaft ;  G,  outside  fly- 
wheel; H,  pressure  gauge;  O,  Avater  gauge;  P,  injector;  and  Q, 
throttle  valve. 

The  Liquid  Fuel  Engineering  Company  (Lifu)  had  a  lurry  carrjang 
2  tons.  The  boiler  (p.  54)  and  25  h.p.  motor  (p.  97)  are  in  front.  A 
first  longitudinal  shaft,  inclined  and  telescopic  so  as  to  compens*ate  for 
the  displacements  due  to  suspension  of  the  machine,  receives  and 
transmits  motion  by  bevel  gear.  A  second  transA^ersal  shaft  carries 
toothed  pinions  which  gear  interiorly  w^ith  the  wheels.  A  single  ratio 
of  reduction  is  8  to  1.  Two  sand  boxes  facilitate  starting  on  a  slippery 
pavement.  A  pedal  brake  acts  on  the  rear  wheels.  The  underframe, 
made  of  soft  steel  with  wooden  wheels  and  bronze  naves,  carries  two 
petroleum  tanks  each  of   90  1.  (19'8  gal.)  capacity,  and   two  water 
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tanks  holding  270  1  and  340  1.  (59-4  gal  and  74*8  gal.).  Empty,  the 
vehicle  weighs  2,425  kg.  (47  cwt.  71  lb.).  With  600  revolutions  per 
minute  the  motor  gives  a  speed  of  13  km.  (8  miles)  per  hour  on  a 
level,  and  6  km.  (37  miles)  on  a  rising  gradient  of  1  in  10.  This 
lurry  took  part  in  the  Liverpool  trials  of  1898. 

The  Coulthard  steam  lurry  is  shown  in  elevation  by  Fig.  575,  in 
plan  by  Fig,  576,  and  in  front  elevation  by  Fig.  577.  The  frame  is  of 
channel  steel  and  is  supported  on  semi-elliptical  springs  fixed  at  their 
centres  to  the  front  and  rear  girder  axles  of  cast  steel.  The  vertical 
fire  tube  boiler  is  bolted  by  bearer  bars  to  the  main  frame  centrally 
behind  the  front  axle.  The  foot-plate  is  below  the  level  of  the  frame- 
work, and  the  boiler  is  fired  from  beneath.  The  driver's  seat  A  is  in 
front  of  and  to  the  right-hand  side  of  the  boiler.  (For  particulars  of 
the  Coulthard  boiler,  see  p.  40.)  The  water  gauge  B  and  steam 
gauge  are  in  front  of  the  boiler,  and  the  steering  wheel,  on  its  vertical 
pillar,  is  immediately  in  front  of  the  driver.  To  his  right  hand  are 
two  small  levers  working  in  quadrants,  one  regulating  the  reversing 
gear,  and  the  other  being  connected  to  the  throttle  valve.  On  the 
feed  pipes  from  an  automatic  force  pump  driven  by  the  second 
motion  shaft  and  of  a  steam  pump  fixed  behind  the  driver,  are  safety 
pattern  check  valves  C  and  D.  A  large  throttle  valve  is  fixed  upon 
the  boiler  directly  behind  the  driver,  and  the  steam  jet  also  passes 
from  the  same  place.  The  throttle  valve  regulates  the  flow  of  steam 
through  a  spiral  and  flexible  steam  pipe  which  communicates  with  a 
special  distribution  valve  fixed  to  the  motor  casing.  The  motor, 
second  motion  shaft,  and  diflferential  gear  shaft,  are  all  enclosed  in  an 
oil-tight  casing,  and  are  supported  at  three  points,  the  one  imme- 
diately over  the  back  of  the  cylinders  being  a  pivot,  as  shown  at  E, 
and  the  others  being  spherically  mounted  bearings  F  on  the  com- 
pensating gear  shaft.  The  motor  is  illustrated  by  Figs.  76  and  77, 
p.  100.  The  steam  regulator  is  a  balanced  valve,  attached  to  the 
high  pressure  cylinder  steam  chest,  and  so  arranged  that  the  steam 
supply  can  be  regulated  quickly  by  the  handle  on  the  drivei'*s 
right  hand.  A  combined  feed  water  heater  and  exhaust  silencer 
G  is  attached  to  the  outer  side  of  the  low  pressure  cylinder. 
The  crank  shaft  H  is  carried  in  two  long  bearings,  together 
with  the  eccentrics,  is  made  in  one  piece,  and  carries  on  its 
left-hand  end  a  pinion  J,  which  gears  with  a  corresponding  wheel 
K  on  a  second   motion  shaft  L ;   a  pair  of  unequal  sized  pinions 
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M  and  N  slide  on  a  square  on  this  shaft,  and  either  of  these 
may  be  caused  to  engage  with  corresponding  wheels  0  and  P 
upon  the  crown  of  the  differential  gear  upon  the  shaft  Q.  The 
pinions  M  and  N  are  operated  by  handle  R  behind  the  free  position 
through  the  connecting  links  S.  The  feed  pump  T  is  so  constructed 
that  the  stuflSng  box  and  valve  boxes  are  easily  accessible,  but  that 
the  ram  is  not  exposed  to  dust.  The  differential  gear  shaft  Q  alone 
projects  through  the  casing  ;  the  compensating  gear  shaft  and  trans- 
mission gear  are  described  on  p.  281.  The  power  is  transmitted  by 
Renolds  silent  chains  from  the  chain  wheels  U  to  large  wheels  V  fixed 
to  the  felloes  of  the  rear  road  wheels.  (The  new  Coulthard  trans- 
mission is  described  on  page  366.)  Distance  rods,  which  take  the 
driving  thrust,  are  pivoted  to  the  back  axle  and  to  the  compensating 
gear  brackets.  The  large  chain  wheels  are  fitted  with  the  Coulthard 
triangular  drive,  which  is  a  device  whereby  the  power  is  applied  direct 
to  the  felloes  instead  of  to  the  spokes.  The  reversing  lever  W  is 
connected  to  the  link  motion  gear  by  the  rods  X,  and  is  provided 
with  slots  affording  three  different  positions  of  cut-off  in  a  forward 
direction  and  one  intermediate  position,  as  well  as  a  reverse  position. 
The  water  tank  Y  is  beneath  the  frame  at  the  back  of  the  waggon, 
and  is  fitted  with  a  water  lifter  Z.  Two  powerful  double-acting  band 
brakes,  consisting  of  steel  cables  lined  with  hard  wood  blocks,  are 
coiled  round  the  brake  drums  on  the  back  wheels,  and  are  so  arranged 
that  both  of  the  ends  of  the  cable  are  tightened  or  released  simul- 
taneously by  the  action  of  the  brake  handle  a  on  the  left-hand  side 
of  the  driver.  The  connection  between  the  handle  and  the  brakes  is 
made  by  means  of  the  usual  worm  and  worm  wheel,  and  by  a  simple 
system  of  levers.  The  platform  can  be  slid  backwards  on  rollers,  and 
is  hinged  at  the  back  end  in  order  to  enable  the  motor  and  other 
parts  to  be  examined.  The  artillery  pattern  wheels  are  fitted  with 
cast  steel  hubs  having  bronze  bushes,  oak  spokes,  and  English  ash 
felloes.  The  steering  gear  is  a  modification  of  the  Ackermann  system, 
and  is  operated  from  the  horizontal  steering  handle  h  in  the  ordinary 
manner. 

The  Lancashire  Steam  Motor  Company's  lurry  (the  Lcyland)  is 
sho\\'n  l)y  Figs.  57»S  and  579;  it  carries  4  tons  useful  load,  hiuj  a  com- 
pound stamp  motor,  its  cylinders  have  bores  of  75  mm.  and  1 25  mm. 
(2*95  in.  and  4*92  in.)  respectively,  and  the  connnon  piston  stroke  is 
150  mm.  (51)  in.).     At  500  revolutions  per  minute  it  gives  14  h.p.    It 
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is  not  reversible,  and  forward  and  backward  motion  of  the  Vehicle  are 
obtained  by  aid  of  a  coupling  gear.  On  some  lurries  there  are  two 
transmissions  instead  of  one,  the  first  by  toothed  gear  and  the  second 
by  a  chain,  one  of  them  being  employed  for  forward  motion  and  one 
for  backward  motion.  It  is  not  clear  whv  a  reversible  motor  is  not 
employed.  Renolds  chains  unite  the  first  intermediary  shaft  with  the 
differential  shaft  and  the  latter  to  the  rear  driving  wheels.  The 
ratios  of  reduction  between  the  motor  shaft  and  the  axle  are  8 :  13i 

and  28 : 1.  Two  powerful  brakes  can 
stop  the  car  in  half  its  length,  each 
of  them  being  able  to  hold  back 
the  dray  on  a  falling  gradient  of 
145  in  1,000.  The  underframe  is 
steel  and  the  wheels  are  wood.  The 
floor  gives  an  available  surface  of 
7-25  m?  (78  sq.  ft.);  the  weight 
empty  is  291  tons.  This  lurry  took 
part  in  the  Liverpool  1898  trials. 

One  type  of  omnibus  built  by 
the  same  company  carries  six  pas- 
sengers inside  and  500  kg.  (1,100  lb.) 
of  luggage  on  the  roof,  and  is  driven 
by  a  6  h.p.  motor.  The  consump- 
tion of  petroleum  for  65  km.  (40*4 
miles)  is  31  801 1.  (7  gal.) 

Referring  to  the  Leyland  4-ton 
lurry,  shown  in  front  and  side  eleva- 
tion  respectively  by  Figs.  578  and  579, 
its  irame  is  built  of  channel  steel,  upon  which  is  a  platform  having  an 
available  cargo  area  of  659  m.'*  (71  sq.  ft.).  The  framing  is  connected, 
through  double  plate  springs,  to  the  axletrees,  which  are  of  heavy 
section  wood,  and  have  at  their  ends  iron  shoes  to  which  are  attached 
the  axles  proper.  The  wheels  are  of  wood  and  all  the  same  size,  99  cm. 
(8  ft.  3  in.)  in  diameter,  and  the  rear  wheels  have  12-7  cm.  (5  in.)  tyres, 
and  sprockets  for  the  driving  chains  are  bolted  to  them.  The  fore 
wheels  arc  pivoted  in  iron  jaws,  and  steering  is  effected  by  worm  wheel 
and  connecting  rods.  Of  the  two  brakes,  one  is  a  hanging  brake  acting 
on  the  rear  wheels  and  worked  by  a  worm  and  wheel  arrangement 
from  the  starting  platform,  and  the  other  is  a  band  brake  working  on 


Fig.  578. — Front  Elevation  of 
Leyland  Steak  Lurry. 
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the  transmission  gearing.  The  vertical  tiro  tube  boiler  («ee  p.  39)  is 
placed  on  the  fore  platform  to  the  left,  and  common  petroleum  is 
burnt  under  it,  the  oil  vapour  supply  being  controlled  by  the  Spurrier 
automatic  valva  The  petroleum  tank  is  carried  under  the  platform 
at  the  rear  end  and  holds  90 1.  (20  gaL),  whilst  the  227  L  (50 
gal)  water  tank  is  situated  midway  under  the  framing.  The 
14  brake-horse -power,  two-stnge  compound  motor  runs  at  400  revolu- 
tions per  minute,  and  is  fitted  with  a  Pickering  governor.     In  the 


roof  of  the  cab,  enclosing  motor  and  boiler,  is  an  air  condenser 
consisting  of  indented  brass  pipes.  As  r^ards  transmission,  the 
motion  of  the  main  shaft  is  transmitted  to  an  intermediate  shaft  by 
chain  gearing  and  thence  to  the  rear  wheels,  also  by  chaias.  The 
three  speeds  are  96km.,  56 km.,  32km.  (6  miles,  3o  miles,  and  2 
miles)  an  hour  respectively  on  ordinary  good  roads.  The  wheel  base 
is3  02m.  fgft.  llin),  the  gauge  is  1  6  m.  (5  ft.  3  in.),  and  the  weight, 
light,  is  2W5  tons.  In  Figs.  57S  and  57!),  A  indicates  boiler;  B. 
motor;  C,  water  tank;  and  I),  the  feed  pipe  from  it;  E,  drain  tap; 
F,  feed  pump:  G,  oil  tank;  H,  condensers  on  roof;  J,  hand  steering 
wheel:  K,  brake  wheel:  L,  starting  and  band  brake  lever :  M,  band 
brake  shaft ;  N,  steering  gear ;  and  O,  clutch  levers. 

In  a  more  recent  type  of  Leyland  lurry,  the  feed-water  pump  is 
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driven  off  the  countershaft ;  it  has  double  valves,  and  its  delivery  to 
the  boiler  is  controlled  from  the  driver  s  seat  by  returning  some  of  the 
water  through  a  by-pass  to  the  main  tank.  Special  side  band  brakes 
are  fitted  ;  a  number  of  wood  blocks  strung  on  a  flexible  wire  cable  act 
as  the  bands  and  ride  between  the  flanges  of  the  drums.  Renolds 
roller  chains  are  employed.  By  employing  cast  steel  largely  in  the 
construction,  it  has  been  possible  to  make  some  of  the  gear  wheels  in 
one  piece,  with  their  hollow  shafts,  and  others  are  secured  by  flanged 
couplings,  thus  dispensing  with  keys  and  similar  devices.  The  rear 
axle  is  of  Mannesman  steel  tubing,  whilst  the  motor  shaft  is  a  solid 
forging  complete  with  eccentric  blocks,  counterweights,  and  flanges 
for  connecting  the  gear  wheels.  A  distinct  type  of  Leyland  7-ton 
lurry  is  gear-driven,  side  chains  not  being  used. 

The  Clarkson  and  Capel  8-ton  steam  lurry  is  shown  in  elevation 
by  Fig.  580  and  in  plan  by  Fig.  581.  The  steel  framing  supports  a 
platform  having  an  area  of  61  m.-  (66  sq.  ft.),  framing  and  platform 
being  carried  on  plate  springs  attached  to  steel  axletrees.  The 
military  type  wheels  have  metal  hubs,  the  wheel  base  being  302  m. 
(9  ft.  11  in.)  and  the  gauge  16  m.  (5  ft.  3  in.).  This  vehicle  shows 
several  departures  from  existing  practice,  the  details  being  very 
ingenious.  The  Merryweather  fire-engine  type  boiler  A  is  in  front, 
and  the  liquid  fuel  burner  used  is  illustrated  by  Fig.  12,  p  43. 
The  two-stage  compound  vertical  marine  type  motor  B  runs  at 
a  speed  of  500  revolutions  per  minute,  is  placed  with  the.  boiler  on 
the  fore  platform  and  enclosed  in  a  cab  on  whose  roof  is  an  air 
condenser  C  formed  of  rows  of  thin  tubing,  air  being  forced  through 
them  by  a  horizontal  propeller  fan  D  driven  by  rope  and  pulley  oft" 
the  main  shaft.  Transmission  is  by  chains  from  the  main  shaft  E  to 
an  intermediate  shaft  F,  upon  which  is  difierential  gear,  and  thence 
to  the  rear  driving  wheels.  The  two  speeds  possible  are  9*6  km. 
and  3'2  km.  (6  miles  and  2  miles)  per  hour  on  good  roads.  An 
emergency  steam  brake  is  fitted  to  each  driving  wheel,  and  comes 
into  operation  by  a  reverse  movement  of  the  steam  regulation  lever. 
A  pedal  operates  a  band  brake  G  on  the  motor  shaft.  Steering  is 
effected  by  the  usual  worm  and  screw,  the  hand-wheel  H  being  on 
a  vertical  spindle.  The  water  tanks  J,  one  each  side  of  the  boiler, 
hold  230  1.  (50  gal),  and  the  oil  fuel  tanks  K  are  hung  underneath 
the  rear  part  of  the  vehicle  and  hold  120  1.  (27  gal.).  When  light, 
the  lurry  weighs  nearly  3  tons. 
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The  Bayley  steam  lurry,  shown  in  side  elevation  by  Fig.  582,  in 
plan  by  Fig.  583,  in  front  elevation  by  Fig.  584,  and  in  rear 
elevation  by  Fig.  585,  is  the  subject  of  some  claims  for  remarkable 


efficiency.  It  is  built  of  channelled  steel,  and  the  plattbnn  has  a 
cargo  area  of  6  m.*  (65  sq.  ft.)  and  can  carry  from  35  tons  to  45  tons. 
Ordinary  wa^on  springs  with  link  suspension  carry  the  framing,  and 
the  fore  axletrce  is  curvud  to  permit  of  access  to  the  boiler  ashpit, 
its  ends  terminating  in  sockets,  in  which  are  the  pivots  attached  to 
the  axles  of  the  fore  wheels.     The  rear  axletree  is  a  tnassive  iron 
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forgii^  of  square  section  about  1016  cm.  by  1016  em.  (4  in.  by  4  in.) 
in  the  middle,  and  bent  in  a  horizontal  plane  to  allow  room  for  the 
casing  containing  the  differential  and  bevel  transmission  gear.     The 


military  type  driving  wheels  are  88*9  cm.  (2  ft  11  in.)  in  diameter, 
and  havo  dished  tyres  127  cm.  (Sin.)  wide;  the  wheel  base  is 
2  m.  5ii  ctn.  (8  ft.  6  in.), and  the  gauge  1  ra.  727  cm.  (5  ft.  8  in.).  Upon 
each  rear  driving  wheel  is  bolted  an  internally  toothed  wheel,  into 
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which  gear  pinions  at  the  ends  of  the  diflferential  shaft,  and  so  the 
motion  is  transmitted.  Band  brakes  act  upon  the  external  periphery 
of  the  internally  toothed  wheels.  The  compound  motor  is  constructed 
under  the  Straker  patents,  is  wholly  enclosed,  and  is  placed  longi- 
tudinally, the  main  shaft  lying  fore  and  aft  and  driving  the  difterential 
shaft  by  means  of  enclosed  bevel  gearing,  all  of  which  runs  in  oil. 
Suspension  of  motor  and  gearing  is  ingenious,  and  the  two  ratios  of 
gearing  respectively  are  18*7  to  1  and  84  to  1.     The  boiler  is  on  the 


Fig.  584. 


Figs.  684  and  685. — Front  and  Back 
Elevations     of     Bayley     Steam 

LUKRY. 


fore  platform  and  is  of  the  de  Dion-Bouton  **  Pot  *'  or  centrally  fired 
type,  and  contains  86  1.  (19  gal.)  of  water ;  the  fu  elis  coke,  and 
150  kg.  (3cwt.)  of  it  is  carried.  A  feed  pump  is  on  the  motor  and 
an  injector  near  the  boiler,  and  the  feed  tanks  are  placed  between 
and  under  the  framing  in  the  after  part,  their  capacity,  including 
that  of  the  tank  on  the  platform,  being  372 1.  (82  gaL). 

The  general  arrangement  of  the  Simpson  and  Bodman  steam 
lurry  is  shown  by  Figs.  586,  587,  and  588;  Fig.  586  being 
a  side  elevation,  Fig.  587  a  plan  of  the  platform,  and  Fig.  588 
a  front  elevation.  Fig.  586  shows  the  framing  to  consist  of 
four  longitudinals  connected  by  two  transverse  frames  in  the  rear. 
This  rear  framing  is  supported  by  four  plate  springs  of  very  deep 
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camber,  so  arranged  that  each  spring  is  directly  under  one 
longitudinal  bearer.  To  these  plate  springs  is  attached  the  main 
or  driving  wheel  axle.  Each  driving  wheel  is  mounted  between  a 
pair  of  springs,  and  thus  the  axle  is  supported  throughout  its  length. 
The  rear  axle  is  a  weldless  steel  tube  with  the  axle  arms  case-hardened 


Figs.  686  and  587. — Side  Elevation  and  Plax  of 
Simpson-  and  Bodman  Steam  Lurry. 


Fig.  687. 
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and  ground  true,  and  it  carries  four  spring  bearings,  the  two  outer 
ones  being  at  extremities.  These  bearings  are  recessed  to  make  dust- 
excluding  shrouds  for  ball  thrust  collars  for  each  adjustment  to  the 
wrought  iron  axle  bushes,  which  are  run  up  with  anti-friction  metal, 
and  are  of  such  a  surface  that,  assuming  one-third  of  the  circumference 
as  carrying  load,  they,  never  can  have  more  than  9  kg.  per  cm.*  (130 
lb.  per  sq.  in.)  of  load  on  them.    The  method  of  attaching  the  roar  or 
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driving    wheel   to   the  framing  is    clearly  illustrated   by   Fig.   586. 
Lubrication  is  assured  by  filling  the  axle  for  18  in.  from  each  end  with 
solidified  oil  and  providing  an  oil  hole  in  the  base  of  the  arm.   The  fore 
part  of  the  framing  is  carried  through  spring  loaded  pins  attached  to  a 
transverse  wood  framing  reinforced  with  steel  plates  {see  Fig.  588).    To  . 
this  transverse  framing  is  attached  the  fore  axle,  and  also,  by  means  • 
of  a  central  bushing  {see  Fig.  588),  the  two  ash  perch  bars  {see  Fig.  586) : 
connecting  the  two  axles.     The  perch  bars  are  united  to  the  rear  axle 
by  circular  steel  collars,  which  embrace 
discs  fonned   on  the  axle,  but  keyed 
eccentrically ;  this  is  for  the  purpose  ot 
obUining  a  rapid  and  fine  adjustment 
for  the  chain  drive.     The  front  axle  is 
free  to  oscillate  vertically  with  respect 
to  the  main  framing,  a  most  important 
point ;  the  same  principle  is  seen  in  the 
bogies  of  locomotives  and  railroad  cars. 
The  fore  axte  is  bifurcated  at  its  ends, 
and  is  fitted  with  bell  crank  axles,  upon 
which  the  free  wheels  are  mounted  and 
to  which  the  steering  rods  are  attached. 
The  usual  bell  crank  arm   is  carried 
outside  the  wheel  to  dispense  with  the 
welded    crank   usually  employed,  this 
weld  being  difficult  to  make  and  inter- 
fering with  the  locking  of  the  arms ; 
the  bell  crank  is  very  long,  to  obtain 

leverage.  The  lurry  will  turn  in  a  circle  two  and  a  half  times  its 
own  length  in  diameter.  The  steering  is  by  worm  and  screw,  actuated 
by  a  vertical  spindle  placed  close  to  the  driver  {eee  Fig.  586).  The 
available  platform  area  of  the  frame  shown  in  Fig.  587  is  78 m.* 
(84'5  sq.  ft.).  The  wheels  have  oak  spokes,  designed  to  work  on 
the  parallel  arms.  The  Simpson  and  Bodman  boiler  is  illustrated 
by  Figa  42  to  44,  p.  67,  and  the  motor  by  Figs.  64  and  65,  pp.  88 
and  89.  There  are  two  motors,  one  on  each  side,  each  actuating 
its  own  driving  wheel,  and  having  nothing  in  common  save  the 
steam  and  exhaust  pipes.  Each  crank  shaft  carries  a  steel  pinion 
gearing  into  a  bronze  spur  wheel  on  a  short  shaft  carried  in  brackets 
attached  to  the  motor  casing,  and  on  these  brackets  are  the  chain 
1 1 


Fig.    688. — Fbont    Elbtation    of 
Simpson  and  Bodman  Lv&ry. 
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pinions  from  which  motion  is  transmitted  to  the  main  driving  wheels. 
There  are  no  clutches  for  effecting  changes  of  speed,  but  there  are 
three  sets  of  pinions  and  wheels  for  each  vehicle,  giving  ratios  of 
10,  13,  and  24,  and  the  ends  of  the  crank  shafts  and  second  shafts 
are  so  arranged  as  to  allow  for  a  very  quick  change  of  gear ;  the  nuts 
that  lock  these  gears  in  position  on  being  unscrewed  draw  the  pinions 
and  wheels  of  the  shaft. 

Straker  lurries  are  of  5-ton  and  7-ton  capacity,  and  in  both  vehicles 
the  general  arrangement  of  parts  is  similar.     The  7- ton  vehicle  is 
shown  by   Fig.  689.    The  main  frame  of  strong  channel  steel  is 
stiffened  with  cross-members,  and  an  additional  longitudinal  mem- 
ber passes  from  a  cross-member  just  behind   the   cab   to  another 
just  in  front  of  the  back  axle.     The  motor   is  fixed  horizontally 
between  this  longitudinal  member  and  the  left-side  member  of  the 
frame.     The   cylinders   lie   forward,   and   the  crank  shaft  projects 
across  the  frame  outside  the  crank  chamber.    It  here  carries  two 
pinions,  either  of  which  can  alternatively  be  slid  along  the  shaft 
into  mesh    with    corresponding    spur    wheels    on    a    countershaft. 
The  power  is  transmitted  from  this  countershaft  to  the  live  rear 
axle  by  a  twin-roller  Brampton  chain,  which,  for  the  large  vehicles, 
is  tested  to  30  tons,  and  for  the  smaller  lurries  to  20  tons.    The 
double-acting   compound    motor    has    a    single-eccentric    reversing 
gear,  in  which  a  square  block    slides  in  a  slot  in  the  eccentric 
block;  the  eccentrics  for  the  two  cylinders  are  controlled  simul- 
taneously.    The  motor  on  the  large  lurry  is  of  40  h.p.     The  wheel 
base  is  3*5  m.  (11  ft.  6  in.),  the  track  of  the  rear  wheels  is  1*6  m. 
(5  ft.  3  in.),  and  that  of  the  front  wheels  1'37  m.  (4  ft  6  ia).    The 
overall  length  is  6*55  m.  (21  ft.  6  in.),  and  the  water  tank,  carried 
at   the  rear,   contains  900 1.  (200  gal.).    The   feed-water   pump   is 
driven  at  a  low  speed  through  spur  gearing  off  the  left-hand  end 
of  the   crank  shaft.      The  motor  is   entirely  enclosed,  and  when 
necessary  high-pressure  steam  can  be  admitted  to  the  low-pressure 
cylinder.     The  differential  gear  is  locked  when  necessary  by  insert- 
ing a  pin  through  one  or  the  other  of  a  series   of  holes   arranged 
in  the  hub  of  the  right-hand  wheel    A  central  solid  axle  passing 
through  both  of  the  hubs  is  rigid  with  the  left  wheel,  and  with 
a  disc  outside  the  right  wheel  hub.     The  right-hand  wheel  itself 
is  connected  by  a  sleeve  with  the  differential  gear ;  the  sleeve  runs 
freely  about  the  solid  axle.    The  locking  pin  is  inserted  through 
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corresponding  holes  in  the  disc  on  the  sohd  shaft  and  in  the  hub 
of  the  road  wheel  The  suspension  at  the  rear  is  by  semi-elliptic 
side-springs,    the    ends  of    which 


the  spokes  being  formed  by  the  two  plates  interlacing;   in  future 
the  wheels  will  be  made  in  the  same  way  as  those  on  the  smaller 
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lurry ;  that  is,  simpler,  of  a  less  number  of  pieces,  stronger  and . 
more  durabla  •  The  treads  of  the  tyres  are  cross-grooved  to  ensure . 
adhesion  to  the  road. 

The  Foden  steam  lurry  is  illustrated  in  elevation  by  Fig.  591 . 
and  in  plan  by  Fig.  592,  which  show  it  to  be  of  novel  and  interesting 
design,  somewhat  resembling  a  small  high-speed  traction  engine  and 
a  lurry  combined.  The  locomotive  type  horizontal  boiler  B  forms 
the  front  end  of  the  channel  steel  frame  A,  and  its  fire-hose  end  C 
backs  on  to  the  driver's  cab  D.  During  the  trials  above  referred  to 
the  boiler  was  fired  with  coal,  and  steam  was  raised  in  about  forty- 
five  minutes.  The  compound  horizontal  motor  E  is  mounted  traction- 
engine  fashion  on  the  top  of  the  boiler,  towards  the  fire-box  end  being 
the  crank  shaft  F,  carrying  fly-wheel  G ;  it  has  link  reversing  gear  and 
a  special  device  for  admitting  steam  into  the  low  pressure  cylinder.. 
Below  the  crank  shaft,  and  gearing  with  it  by  means  of  one  or  two  sets 
of  spur  wheels  H  J  is  a  parallel  countershaft  K,  power  from  which  is 
transmitted  to  the  line  rear  axle  by  two  roller  chains  L  working  side 
by  side  and  running  on  chain- wheel  rings  mounted  on  the  periphery 
of  the  differential  gear  case  0.  The  rear  axle  has  external  bearings 
free  to  move  vertically  in  guides  on  brackets  M  attached  to  the  ( 

frame  A,  and  the  load  is  supported  by  a  single  plate  spring  N  at  each 
side ;  in  front  the  load  is  carried  by  a  single  cross  spring  P  attached 
at  its  centre  to  the  lower  locking  plate  Q,  and  resting  at  each  end  on 
the  front  axle.  Steering  is  accomplished  by  turning  the  axle  about  a 
central  pin,  the  usual  hand  steering  wheel  being  in  the  driver's  cab ; 
the  manoeuvring  capabilities  are  exceedingly  good,  and  the  per- 
formance of  the  vehicle  at  the  War  Office  trials  was  highly  successful. 

Dr.  Brightmore's  steam  lurry,  built  by  the  Coulthard  firm  at 
Preston,  is  shown  in  side  elevation  by  Fig.  593  and  in  plan  by  Fig. 
594 ;  front  and  end  views  (boiler  removed)  are  given  by  Figs.  595  and 
596.  Its  special  feature  is  its  system  of  driving  with  the  front 
steering  wheels,  and  steering  by  varying  the  speed  of  those  wheels. 
The  whole  of  the  driving  mechanism  is  mounted  upon  an  under- 
carriage supported  by  springs  A,  above  the  front  axle  and  connected 
to  the  main  frame  by  a  central  universal  joint  B.  A  claw-shaped 
slide  block  is  carried  by  the  under-carriage  in  a  line  immediately 
behind  the  ball  joint,  and  slides  upon  a  circular  guide  G,  fixed 
beneath  the  main  frame,  the  claw  being  free  to  swing  about  a 
horizontal  pin  which    is  at  right  angles  to  the  front  axla     The 
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guide  prevents  the  fore-carriage  from  tipping  either  way  about  the 
front  axle,  but  allows  it  to  turn  about  the  ball  joint  in  a 
horizontal  plane  and  to  assume  an  independent  position  in  a  trans- 
verse vertical  plane  relatively  to  the  main  frame.  The  Coulthard 
standard  compound  motor  (p.  100)  drives  a    differential  counter- 
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Fig.  692. 
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Figs.  691  and  592.-~£lbyatxon  and  Flax  of  Fodbn  Stbak  Lurrt. 


shaft  C,  from  which  the  front  wheels  D  are  chain  -  driven,  there 
being  means  of  retarding  either  wheel  and  accelerating  the  speed 
of  the  other,  so  giving  the  vehicle  a  circular  course  for  steering 
purposes.  To  prevent  irregular  road  surface,  etc.,  affecting  the 
sensitive  steering,  friction  is  introduced  between  the  two  parts  of 
the  differential  shaft.  To  describe  the  vehicle  in  detail,  the  channel 
steel  main  frame  F,  Figs.  693  to  596,  carries  the  platform  and  one 
part  of  the  ball  joint  B,  semi-circular  guide  G,  downwardly  pro- 
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jecting  brackets  H,  and  a.  800  litres  (175  gallons)  water  tank  over 
tbe  rear  angla  The  fore-carriage  angle  steel  iratnework  J,  supported 
by  springs  A,  carries  two  cross  channels,  to  which  is  bolted  the 
lower  part  of  ball  joint  B,  and  it  also  carries  a  cross  channel 
supporting  the  horizontal  pin  which  secures  it  to  the  sliding  clip 
riding  about  the  curved  guide  G.  The  ends  of  the  springs  are 
secured  to  V  blocks,  which  slide  freely  upon  guide  surfaces  on  the 


underside  of  the  fore-carriage  frame.  Adjustable  distance  rods  K 
l>as3  from  the  front  axle  L  to  the  bearings  of  the  diBerential 
countershaft  C.  It  will  be  seen  that  the  entire  foreKtarrii^e  can 
turn  freely  about  the  ball-joint  B  horizontally,  and  that  the  circular 
guide  G  keeps  its  horizontal  centre  line  parallel  with  the  main 
frame,  but  that  the  carriage  can  conform  to  road  surface  irregularities 
without  imposing  a  twisting  strain  on  the  mam  frame.  The  motor 
M  and  mechanism  are  enclosed  in  an  oil-tight  casing  fixed  to  the 
lower  nieuiber  of  the  fore-carriage  so  that  the  cylinders  lie  above 
the  front    axle;    the   two  horizontal  cylinders  are  of  101-6  mm. 
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and  177*8  mm,  (4  in.  and  7  in.)  bore  respectively,  and  the  stroke 
is  15*24  mm.  (6  in.).  The  countershaft  C  carries  at  its  right  end 
a  special  friction  device  N,  which  compels  the  road  driving  wheels 
D  to  revolve  at  the  same  speed  in  spite  of  any  tendencies  which 
the  road  may  have  to  cause  one  to  turn  more  than  the  other.  The 
steering  band  brakes  0  on  the  diiferential  shaft  consist  of  a  steel 
wire  cable  carrying  gun-metal  friction  blocks  encircling  each  brake 
drum  P,  and  are  operated  through  levers  Q  from  the  steering 
wheel  R  Thus,  to  turn  the  car  to  the  right  the  right-hand  brake 
is  applied,  the  degree  to  which  the  direction  of  the  car  is  altered 
depending  on  the  degree  of  pressure  applied  to  the  brake ;  that  is, 
it  depends  on  the  difference  between  the  speeds  of  the  two  driving 
wheels.    The  boiler  S  is  placed  between  the  fore-carriage  and  plat- 


Figs.  695  and  696. — Fboztt  and  End  Vibws  of  Bbiohtmorb  Lubrt. 

form  (see  p.  41),  and  its  funnel  T  is  connected  with  it  by  a  hori- 
zontal extension  of  the  smoke  box.  Opposite  the  steering  wheel 
to  the  left  is  a  bunker  holding  nearly  200  kg.  (4  cwt.)  of  coke. 
Band  brakes  U  on  the  driving  wheels  are  of  the  same  type  as 
those  on  the  differential  shaft;  they  are  worked  by  the  hand 
wheel  V.  They  are  carefully  compensated ;  otherwise,  if  one  brake 
became  more  worn  than  the  other,  application  of  the  brakes  would 
tend  to  deflect  the  lurry  from  its  course.  The  sprockets  W  drive 
sprockets  X  by  Eenolds  silent  chaina  The  whole  platform  area, 
measuring  4*87  m.  by  198  cm.  (16  fL  by  6*6  ft),  is  available  for 
goods  (1  load  is  5  tons),  the  driving  mechanism  being  entirely 
beneath,  and  the  fore-carriage  projecting  to  a  short  distance  only  in 
front  of  it  The  wheels  are  104  cm.  (3*5  ft)  in  diameter,  the  wheel 
base  is  244  cm.  (8  ft),  and  the  front  and  back  tyres  are  178  cm. 
and  15*2  cm.  (7  in,  and  6  in.)  in  diameter  respectively.  The  vehicle 
can  turn  completely  round  in  a  road  914  m.  (30  ft)  wida 
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Jesse  Ellis  and  Co/s  steam  wagon  (Figs.  597  and  598)  has  a 
25-h.p.  horizontal  two-cylinder  compound  motor  A,  working  normally 
at  a  pressure  of  14  kg.  per  cm.  (200  lb.  per  sq.  in.).  It  has  an  injector 
and  pump.  The  boiler  B  is  in  front,  as  in  the  Thomycroft  lurry,  and 
is  centre-fired,  the  fuel  being  coke:  it  is  of  the  water-tube  type,  the 
ends  of  its  142  water  tubes  ending  in  a  special  water  jacket,  which 
counteracts  any  tendency  to  leakage.  The  motor  drives  the 
differential  of  the  live  rear  axle  C  by  means  of  a  two-speed  spur  gear- 
ing, giving  4*8  km.  and  9*6  km.  (3  and  6  miles)  per  hour  ;  speed  can  be 
changed  only  while  stopping.  The  traction  engine  device  of  locking 
the  differential  so  as  to  drive  the  two  rear  wheels  together  when  in 
diflSculties  is  employed,  a  special  key  being  inserted  through  the  hub 
of  one  of  the  wheels,  and  so  locking  it  to  a  shaft  which  is  solid 
with  the  opposite  half  of  the  live  axle,  the  wheel  in  question  running 
in  reality  on  a  sleeve.  The  whole  structure  of  the  vehicle  is,  to 
a  certain  extent,  on  traction  engine  lines.  The  motor  and  gearing, 
however,  are  mounted  in  a  separately  slung  underframe  D,  with 
the  object  of  reducing  vibration  and  shock,  the  vehicle  itself  being 
mounted  on  powerful  spiral  springs  E,  arranged  in  guides  over 
the  bearings.  The  vehicle  is  4*87  m.  long  by  198  cm.  wide  (16  ft. 
by  6  5  ft.),  and  is  built  to  carry  4  tons,  whilst  on  fairly  level  roads  it 
will  in  addition  haul  a  trailer  carrying  2  tons.  The  driving  wheels 
F  are  107  cm.  (8  ft.  6  in.)  in  diameter,  and  the  front  wheels  G 
91*4  cm.  (3  ft.)  in  diameter.  The  pedal  H  operates  band  brake  J 
and  the  wheel  K  operates  side  brake  L.  M  is  a  water  tank  under  the 
driver's  seat  N  ;  0  is  the  rear  water  tank,  P  the  coal  bunker,  Q 
space  for  condenser,  R  the  hand  steering  wheel,  S  the  speed-changing 
lever,  T  the  reversing  lever,  and  U  the  feed  pump. 

The  Mann  steam  cart  is  shown  by  Fig.  599,  p.  538,  and  its  con- 
struction is  more  easily  understood  by  reference  to  Fig.  600,  p.  538, 
which  is  a  section  through  the  rear  axle.  The  motor  is  fixed  upon 
the  top  of  the  boiler,  and  the  crank  shaft  carries  a  pinion  wheel 
at  each  end  and  a  fly-wheel  outside  the  pinion  on  the  left-hand  side. 
A  first  countershaft  lies  parallel  with,  but  below  and  behind,  the 
crank  shaft  ;  and  two  spur  wheels  are  so  arranged  upon  this  coun- 
tershaft that  either  the  one  or  the  other  of  them  can  be  brought  in 
gear  with  its  corresponding  pinion  on  the  crank  shaft.  A  second 
countershaft  is  driven  by  the  first  one,  and  it  in  turn  drives  a  large 
spur  wheel  A  (Fig.  406),  upon  the  differential  gear.    A  band  brake 
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, acts  upon  a  drum  on  thk countershaft.  The  rear  axle  B,  of  SO  cm. 
(3i  in.)  diameter,  passes  from  the  left-hand  driving  wheel  C,  which  is 
fixed  to  it,  through  the  right-hand  wheel  D  to  an  outside  thrust 
collar.  The  bevel  wheel  E  of  the  differential  is  fixed  to  it  on  a 
squared  portion,  and  the  bevel  wheel  F,  with  its  right-hand  driving 
wheel,  runs  freely  upon  it      The  bevel  F  has  a  br^ke  drum,  and 


Figa.  697  and  598.— Side  Elefation  ahd  Pi;an  op  Ellis  Stbah  Lubhi. 

the  spur  wheel  A  carries  a  divided  brake  band  (not  shown),  which 
can  be  tightened  so  as  to  lock  the  differential  gear  when  desired. 
The  cart  body  G  is  carried  by  hornplates  H  upon  its  o\m  wheels 
I,  and  these  wheels  can  be  pinned  rigidly  to  the  driving  wheels  D 
by  the  bolts  J.  The  wheels  are  each  built  up  of  two  steel  plates 
K.,  flanged  at  their  peripheries,  bored  out  at  their  centres,  curved 
as  shown  in  Fig.  40G,  and  cut  out  so  far  as  to  form  strong 
spokes.    These  plates  are  connected  together  by  a  central  cast  steel 
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boss  or  hub  L,  to  which  they  are  riveted,  and  by  a  wide  steel  tyre, 
which  is  similarly  fixed  in  placa    The  wheels  I)  are  so  made  that 
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the  pins  J  pass  through  specially  provided  portions  which  come 
between  their  ordinary  spokes ;   but  in  the  wheels  I  the  pins  pass 
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through  the  centre  of  the  spokes ;  by  this  arrangement  the  strength 
of  the  double  wheel  is  increased  in  consequence  of  the  spokes  of 
the  inner  and  outer  wheels  failing  to  come  opposite  each  other.  The 
wheels  are  4  ft.  in  diameter,  and  each  single  wheel  weighs  about 
5  cwt  and  is  5  in.  wide. 

In  the  Mann  steam  lurry,  Fig.  601,  the  motor  is  fixed  above 
a  large  water  tank,  formed  by  the  frame  between  the  boiler  and 
the    driving   wheels.       The    crank    shaft  carries    a   pair  of  pinion 
wheels  on  its  right-hand  end.      Either  of  two  corresponding  spur 
wheels  on  a  countershaft  can  be  brought  into  gear  with  one  of 
these,  and  the  countershaft  drives  the  large  spur  wheel  upon  the 
differential  gear.     The  motor,  which    is   fitted  with    an   oil  bath 
casing,  can  be  easily  got  at,  when  required,  by  tipping  the  balanced 
luny  about  its  stub  axles. 
The'  rear  axle  and  the  driv- 
ing wheels  are  very  similar 
to   those    above  described, 
except  that  the  latter  are 
3  ft.  6  in.  in  diameter.     The 
sides  of  the  framework  are 

made  in  one  piece  with  the  Fig.  eoi.— Mann  Stbam  Lvbb,i. 

side  plates  of  the  fire-box, 

and  the  bearings  are  made  to  register  accurately  into  these  plates ; 
long  bronze  bearing  surfaces  are  provided  for  the  crank  and  counter- 
shafts, and  these  are  supported  in  steel  castings  which  are  bolted  to 
the  frame,  as  well  as  being  turned  to  fit  the  holes  bored  in  it.  The 
front  axle  is  mounted  centrally  in  homplates,  and  is  fitted  with  a 
transverse  spring;  the  whole  of  this  is  carried  by  a  turntable  beneath 
the  boiler,  and  steering  is  effected  by  a  sloping  hand-wheel  and  through 
worm  gearing.  Both  cart  and  lurry  employ  very  simple  reversing 
gear. 

In  the  Aultman  steam  lurry  (American),  power  is  applied  to 
each  of  the  four  road  wheels ;  Figs.  602  to  604  show  the  vehicle  in 
side  elevation,  plan,  and  end  elevation.  The  end  elevation  is 
drawn  to  twice  the  scale  of  the  other  figures.  The  lower  of  the 
two  frames  R  carries  part  of  the  transmission  gear  and  connects 
the  two  axles,  whilst  the  upper  frame  A  forms  the  frame  of  the 
lurry  proper,  and  supports  the  driving  mechanism.  The  16  h.p. 
two-cylinder  motor  B  has  a  bore  and  stroke  of  114  mm.   (45  ia); 
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its  shaft  drives  by  spur-gearing  a  central  difTerential  gear  C 
whose  aide  members  have  smooth  discs,  against  which  press  the 
friction  wheels  T>.  These  are  mounted  on  the  shafts  E  carried 
ill  brackets  having  hearings  F  G.  Shafts  E  are  capable  of  a 
certain  amount  of  swing  to  enable  the  friction  wheels  D  to  be 
brought  into  contact  with  or  removed  from  the  discs  C.  The 
friction  wheels  D  abo  can  be  moved  along  the  shafts  E  nearer 
to  or  further  away   from    the   centres   of  the  friction  discs.     This 


Plam  op  Aulthakn  Steam  LnuKr. 

gives  a  progressive  change  ot  speed.  The  shafts  E  each  carry  a 
sprocket  wheel,  H  J  ;  the  rear  sprocket  H  chain  -  drives  the 
differential  K  on  a  rear  countershaft,  which  chain-drives  the  rear 
road  wheels  ;  the  distance  rods  maintain  the  chains  uniformly  tight. 
The  sprocket  wheel  J  drives  differential  L  on  the  front  counter- 
shaft above  the  front  steering  axle:  this  shaft  transmits  power 
through  bevel  wheels  M,  N,  and  P  to  bevels  Q,  fixed  to  the 
steering  wheels.  Bevel  wheels  N  P  are  mounted  on  vertical 
shafts  0,  which  form  the  steering  heads.  The  Ackermann  prin- 
ciple is  adopted,  and  the  driving  bevel  wheels  permit  of  the  neces- 
sary movement.     The  differential  gear  C  permits  of  a  difference 
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of  speed  between  the  front  and  rear  axles  when  necessary.  Trans- 
mission of  power  by  frictional  devices  is  always  unsatisfactory,  and 
in  this  case  necessitates  a  system  of  interlocking  levers  by  which 
the  shafts  E  are  moved  so  as  to  disengage  the  wheels  D  when 
they  are  to  be  moved  along  the  faces  of  the  discs  C.  and  also 
springs  acting  on  the  ends  of  the  shafts  to  bring  the  back  into 
the  position  of  engagement.  This  complication  is  unsatisfactory, 
and  the  whole  method  of  changing  speed  appears  uncalled  for, 
more  particularly  in  combination  with  a  flexible  steam  motor. 
The  boiler    is    of   the    vertical    fire-tube     type,   and    the    burner 


Fig.  604. — Eho  Elevation  (enlahosd)  op  Apltkann  Lcrrv. 

consuiues  petrol  spirit     The  lurry  is  intended  for  loads  of  5  tons, 
and  has  a  platform  space  of  182  cm.  by  365  cm.  (6  ft.  by  12  ft.). 

The  Moi^n  steam  lurry  (American)  has  its  boiler  and  motor 
over  the  front  steering  a-tle.  The  water-tube  boiler  has  a  steel 
steam-dome  connected  to  the  mud  drum  at  the  base  by  120  curved 
or  twisted  tubes.  Above  the  dome,  a  cylindrical  superheater  pro- 
jects up  into  the  chimney,  and  is  heated  by  waste  gases.  The 
boiler  is  tested  to  42  kg.  per  cm.^  (600  lb.  per  sq.  in.),  and  it  is 
said  that  90  kg.  (200  lb.)  of  steam  can  be  raised  in  20  minutes. 
The  petroleum  is  vaporised  in  a  device  resembling  the  Lifu  burner 
(p.  55) ;  the  construction  of  the  boiler  and  motor  is  on  Lifu  lines. 
The  two-cylinder  compound  motor  has  a  127  mm.  (5  in.)  stroke, 
the  cylinder  bores  being  respectively  1762  mm.  and  1524  cm. 
(3  in.  and  6  in.).  The  Interiors  of  the  cylinders  are  not  lubri- 
cated directly,  and  this  allows  of  condensing  the  exhaust  steam 
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and  using  the  water  again  without  special  precautions.  When 
necessary,  live  high-pressure  steain  can  be  admitted  into  the  low- 
pressure  cylinder,  and  the  power  greatly  increased.  The  lurry 
frame  is  of  10  cm.  (4  in.)  channel  steel  The  drive  is  by  a 
longitudinal  shaft  and  bevel  gearing  on  to  a  differential  counter- 
shaft, and  thence  Ky  steel  pinions  on  each  end  of  the  shaft  to 
bronze  gear  rings  secured  to  the  road  wheel  spokes.  All  the 
gear  wheels  are  enclosed,  and  the  differential  can  be  locked  when 
required. 

The  Spencer  steam  delivery  wagon  for  transporting  light 
goods  upwards  of  half  a  ton  in  weight  is  an  American  vehicle 
with  a  closed-in  body,  water-tube  boiler,  and  a  6  h.p.  four-cylinder 
single-acting  motor.  The  boiler  has  8  shells  of  water  tubes,  each 
having  a  circulating  coil  surrounding  it,  the  shells  being  joined 
together  at  top  and  bottom ;  the  heating  surface  is  4-18  m.^ 
(45  sq.  ft.),  and  it  measures  56  cm.  by  30*5  cm.  by  46  cm,  high 
(22  in.  by  12  ia  by  18  in.).  The  motor  cylinder  bore  is  52  mm. 
(25  in.),  the  stroke  101  mm.  (4  in.),  and  the  working  pressure 
10*5  kg.  per  cm.^  (150  lb.  per  sq.  in.).  The  petroleum  fuel  (ordinary 
lamp  paraffin)  is  supplied  to  the  burner  under  air  pressure.  A 
float-feed  mechanism  controls  the  water  feed  to  the  boiler;  an 
aluminium  float  in  a  vertical  supply  pipe  rises  when  the  required 
level  is  reached  and  cuts  off  the  supply,  as  in  a  float-feed  car- 
buretter (see  Chapter  V.).  There  is  a  steering  side  lever,  a  band 
brake  on  the  differential,  and  a  block  brake  on  the  wheel  tyres. 
The  frame  is  of  angle  steel,  and  the  wheel  base  is  183  cm.  (6  ft.) 
and  the  tread  142  cm.  (4  ft.  8  in.).  A  copper  tank  carries  182  L 
(40  gal.)  of  water,  and  a  steel  tank  454  L  (10  gaL)  of  petroleum. 

The  Le  Blant  tractor  (Fig.  605)  is  intended  to  haul  an  omnibus 
carrying  15  to  20  passengers  or  a  van  carr3ning  5  to  6  tons.  It  has 
a  flash  boiler  with  a  heating  surface  of  15  m.^  (161  sq.  ft.  66  sq.  in.) 
and  a  20  to  30  h.p.  motor  (p.  83).  The  latter  is  placed  horizontally  above 
the  underframe,  between  the  two  axles,  and  drives  the  rear  axle  by 
aid  of  a  pinion  mounted  at  the  crank  shaft,  an  endless  chain  and  a 
toothed  wheel  forming  one  with  the  differential  The  steering  is 
operated  by  a  pivoted  fore-carriage,  whose  lower  hoop  is  toothed  for 
one-third  of  its  circumference  and  worked  by  an  endless  screw.  The 
main  frame  is  of  U -steel,  assembled  by  means  of  squares  and  angle 
plates  riveted  hot,  and  it  rests  on  the  axles  by  springs  placed  outside 
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the  wheels  as  with  wagons ;  the  small  diameter  of  the  wheels  and 
the  general  structure  have  somewhat  the  appearance  of  a  goods  van. 
The  weight  of  the  tractor,  ready  for  the  road,  is  7-5  tons,  including 
650  kg.  (1,430  lb.)  of  water  and  250  kg.  (550  lb.)  of  coke ;  necessarily 
the  weight  is  considerable,  because  part  of  it  is  used  to  increase  the 
adhesion.  The  hauled  car  has  not  a  single  axle  like  that  coupled  to 
the  de  Dion-Bouton  tractor;  it  has  the  shape,  according  to  the 
circumstances,  of  a  goods  van  or  a  tramcar.  Carrying  20  passengers, 
it  weighs  4*7  tons,  and  the  tractor  hauls  it  at  the  rate  of  from  10  km. 


Fig.  605. — Lb  Blant  Stbax  Tractor. 

to  30  km.  (62  miles  to  186  miles)  per  hour.  Le  Blant  has  also  con- 
structed a  less  heavy  tractor  than  the  preceding,  weighing,  ready  for 
the  road,  4  tons;  it  is  driven  by  a  motor  of  16  to  20  h.p.,  and 
ascended  the  gradient  of  Grand-Jonc  at  Issy  at  the  rate  of  about 
15  km.  (9*3  miles)  per  hour,  hauling  an  omnibus  which  seated  15 
persons. 

The  Nfegre  lurry  (Figs.  606  and  607),  is  constructed  to  carry  a 
useful  load  of  a  ton ;  the  boiler  (p.  52)  is  multitubular,  and  there  are 
two  Negre  motors  (p.  92)  of  different  dimensions,  so  as  to  be  able  to 
work  compound  or  separately,  and  thus  give  10  or  16  h.p.  Boiler  and 
motors  are  in  front  of  the  lurry.  The  driving  shaft  performs  400  or  500 
revolutions  per  minute,  and  drives  through  two  chains  and  sprockets 
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the  differential  shaft,  which  communicates  motion  to  the  rear  driving 
wheels  by  chaiDs,  whose  tension  can  be  regulated  by  angular  displace- 
ment of  a  device  seen  behind  the  steering  fore  wheels.  The  two  speeds 
are  8  km.  and  16  km, (49  miles  and  98  miles) per  hour.    The  Lemoine 


brake  is  coiled  on  the  rear  axle  or  on  the  differential  shaft,  and  it  is 
worked  by  a  pedal.  Another  pedal  works  a  shoe  brake,  which  can  be 
kept  tight  by  means  of  a  screw.  The  main  frame,  made  of  angle  iron, 
rises  at  the  back  of  the  motor  and  boiler  platform  to  receive  the 
floor  of  the  lurry.  The  water  is  carried  in  a  tank  of  600  L  (132  gal.) 
capacity. 
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Hitherto  in  this  chapter  only  powerful  vehicles  arranged  for 
carrying  a  useful  load  of  a  ton  and  more  have  been  described,  and  it 
must  be  remembered  that  steam  is  particularly  suitable  for  traction 
of  heavy  weights.  By  substituting  petroleum  or  petrol  spirit  for 
coke  and  inventing  a  new  boiler,  SerpoUet  was  able  at  once  to  do 
away  with  the  dust  associated  with  coal  and  coke,  and  with  the 
necessity  of  having  an  engine  attendant,  thus  rendering  steam 
applicable  to  light  cars.  This  is  demonstrated  by  a  study  of  the 
remarkable  car  which  he  exhibited  at  the  Tuileries  in  1898.  This 
phaeton,  weighing  500  kg.  (1,100  lb.),  had  a  5-h.p.  motor,  which, 
together  with  the  boiler,  was  at  the  back  of  the  car,  the  motor 
resting  directly  on  the  axle. 

Light  steam  cars  have  the  choice  of  four  types  of  steam 
generator,  tire- tube,  water- tube,  flash  and  semi-flash ;  and  cars 
employing  these  will  be  described  in  this  order. 

Certainly  the  best  known  light  steam  car  is  the  Locomobile,  which 
is  of  American  manufacture  and  bears  the  stamp  of  its  origin  in  the 
design  of  every  part.  The  cars  that  have  been  on  the  market  for  a 
number  of  years  are  mostly  of  the  5|  h.p.  type,  and  their  distinctive 
features  have  been  (a)  the  employment  of  a  fire-tube  boiler  35*6  cm. 
(14  in.)  in  diameter,  containing  290  copper  tubes  ;  the  copper  shell  is 
wound  round  with  steel  wire,  and  the  ends  of  the  boiler  are  formed  of 
steel  tube  plates  ;  (6)  a  burner  consuming  petrol  spirit,  and  started  by 
heating  with  a  torch,  the  fuel  supply  being  regulated  by  an  automatic 
diaphragm  valve  which  is  set  to  shut  off  the  fire  at  the  desired  steam 
pressure  ;  (c),  a  double-acting  steam  motor  with  simple  link  reversing 
gear,  and  driving  a  feed  water  pump,  the  fuel  feed  to  the  boiler  being 
governed  by  a  bye-pass  valve  hand-controlled  by  the  driver  ;  (cZ),  an 
auxiliary  water  feed  hand  pump  ;  (e),  a  tank  in  which  the  petrol  spirit 
is  carried  under  a  pressure  whose  constancy  is  maintained  by  means 
of  air  tank  and  hand  pump  ;  (/) ,  simple  chain  transmission  to  a  live 
rear  axle  ;  (gr),  wire  wheels  and  a  light  body  typically  American,  and 
(h)  tiller  steering.  The  modern  cars  respectively  of  5J  h.p.,  6J  h.p., 
and  10-h.p.  agree  in  general  with  the  above  brief  summary,  but  the 
highest-powered  of  these  cars  is  more  strongly  built,  the  road 
wheels  are  of  the  artillery  type,  there  is  a  number  of  refinements 
all  conducing  to  the  more  eflScient  working  and  easier  control : 
steering  is  by  wheel  or  tiller,  and  the  burner  is  not  started  Avith  a 
torch.  Two  examples  of  the  lower-powered  and  lightly  constnicted 
J  J 
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cars  are  illustrated  in  Figs.  608  and  609.  The  10-h.p.  cars  are 
here  chosen  for  description.  The  dos-i-dos  has  wheel  steering,  but 
another  type — a  four-seat  Surrey — retwns  the  tiller  system. 

The  Locomobile  10-h.p.  dos-^-dos  has  a  wooden  main  frame,  and 
the  boiler  is  carried  by  steel  cross  tubes,  the  front  one  of  which  has 
bearings  bolted  to  it  for  receiving  the  motor.     The  steam  and  exhaust 


Fig,  608. — LocoMoiiJLK  Two-aeat  Steam  Cak. 

pipes  leodin!^  from  the  cylinder  casting  form  tninnions  for  supporting 
the  engine  in  place,  and  fit  into  the  bearings  just  referred  to.  The 
motor  is  of  much  the  usual  type,  having  two  double-acting  high 
pressure  cylinders  which  are  lagged  outside  and  enclosed  in  a  metal 
casing  ;  the  bore  is  762  mm.  (3  in.),  and  the  stroke  101 6  mm.  (4  in.). 
The  crossheads  have  large  rollers  sliding  in  grooved  guides,  and  the 
connecting  rods  have  roller  bearings  at  their  big  ends,  the  cnmk-shaft 
being  carried  in  roller  bearings  in  the  motor  frame.  The  reversing 
gear  is  of  the  link-motion  type,  and  the  slotted  quadrants  are  thrown 
over  by  a  projecting  lever  connected  with  a  hand  lever  on  the  right- 
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hand  side  of  the  body.  All  the  small  parts  are  made  from  steel  drop 
forgings,  and  the  bearing  surfaces  are  of  ample  dimensions.  The 
driving  sprocket  is  fixed  centrally  on  the  crank-shaft,  and  a  roller 
chain  passes  from  it  to  the  sprocket  on  the  live  rear  axle.  The 
aluminium  crank  chamber  is  in  four  pieces,  one  of  them  having  a 
hinged  inspection  door.  The  feed  water  pump  is  bolted  outside  the 
crank  chamber  upper  casting,  and  is  operated  by  a  swinging  lever 
pivoted  to  the  bracket  holding  the  pump,  and  is  connected  at  one  end 
to  the  plunger  and  at  its  inner  end  by  an  intermediate  rod  to  one  of 


Fig.  609. — LocouoBiLE  Four-seat  Steam  C»i(. 

the  crossheads.  The  piston  rods  and  the  valve  spindles  pass  through 
stuffing  boxes  Htted  with  projecting  levers  ;  small  ratchets  are  fitted 
between  the  levers  and  the  stuffing  boxes  so  that  the  packing  in  the 
latter  can  be  tightened  up  without  employing  a  spanner  for  the 
purpose,  by  merely  moving  the  levers  backwards  and  forwards.  The 
motor  is  secured  in  place  by  the  steam  and  exhaust  pipe  tittings 
forming  trunnions,  and  by  a  distance  rod  which  connects  the  crank 
chamber  with  the  back  axle.  The  motor  is  lubricated  entirely  by  the 
Locomobile  octopus  lubricator  fixed  above  the  cylinders.  The  boiler 
is  of  the  type  mentioned  in  the  previous  pan^aph,  its  diameter  being 
406  cm.  (16  in.),  and  its  copper  fire  tubes  numbering  340.  The 
burner  has  two  vaporising  tubes  passing  over  and  across  it  from 
J  J  2 
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the  starting  heater  box;  at  the  other  end  they  are  joined 
together  by  a  connecting  piece,  and  by  means  of  removable  plugs  the 
tubes  can  be  cleaned  out  without  being  disturbed.  The  starting 
arrangement  is  a  box  containing  a  small  vaporiser  tube  heated  by  a 
petrol  lamp.  The  burner  is  fitted  with  the  usual  diaphragm  valvci 
which  is  connected  with  the  steam  pressure  in  the  boiler  through  a 
pipe.  The  valve  does  not  entirely  shut  oft'  the  petrol  feed,  but  allows 
a  certain  minimum  quantity  to  flow  past  it  so  as  to  provide  a  pilot 
flame.  The  casing  into  which  the  burner  fits  down  is  so  made  as  to 
take  in  the  air  supply  at  the  side  instead  of  at  the  bottom,  thus 
avoiding  any  risk  of  blowing  out  in  a  high  wind.  The  differential  gear 
on  the  live  rear  axle  is  well  designed.  It  contains  four  planet  pinions 
and  two  large  bevel  wheels,  and  the  driven  sprocket  registers  over  and 
is  bolted  to  one  half  of  the  shell.  The  live  axle  is  carried  in  four 
roller  bearings,  one  near  each  end  of  each  shaft  or  half  axle.  The  shell 
of  the  differential  forms  two  brake  drums,  one  on  each  side  of  the 
sprocket  wheel,  and  brake  drums  are  also  fixed  to  the  hubs  of  each 
wheel ;  altogether  there  are  four  double-acting  band  brakes. 

The  steam  air  pump  for  maintaining  pressure  in  the  air  and  fuel 
tanks,  and  the  steam  water  pump  are  placed  horizontally  beneath  the 
floor  in  front  of  the  driver's  seat,  and  either  can  be  brought  into  use 
by  moving  a  small  lever  just  behind  the  dash  to  the  right  or  to  the 
left,  when  the  pressure  in  the  fuel  tank  will  be  increased,  or  water  will 
be  forced  into  the  boiler.  The  steam  air  pump  allows  a  greater 
quantity  of  petrol  to  be  carried,  because  the  air  tank  may  also  be  filled 
with  petrol,  and  yet  the  pressure  upon  the  fuel  can  be  maintained 
without  much  trouble  to  the  driver.  Although  the  pressure  on  the 
fuel  will  soon  begin  to  fall  if  both  tanks  have  been  filled,  yet  the  steam 
pump  need  be  brought  into  operation  only  occasionally  to  renew  the 
pressure.  This  pump  can  also  be  used  for  inflating  the  tyres.  The 
steam  water  pump  restricts  the  use  of  the  hand  pump  to  those  times 
at  which  there  is  no  pressure  in  the  boiler.  The  speed  of  the  car 
normally  is  regulated  by  the  throttle  valve,  and  this  is  controlled  by  a 
small  horizontal  lever  on  the  steering  pillar.  The  reversing  lever 
moves  over  a  quadrant  provided  with  three  forward  notches  and  one 
reverse  notch.  The  boiler  is  fitted  with  a  superheater  of  the 
Strickland  form,  placed  between  burner  and  boiler,  the  steam  being 
led  through  it  on  its  way  from  the  boiler  to  the  throttle  valve.  The 
superheater  is  made  out  of  steel  tubing,  and  although  only  about 
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183  cm.  (6  ft.)  long  effects  an  economy  both  of  water  and  of  petrol  of 
about  25  per  cent.  The  water  gauge  is  of  the  Klinger  pattern.  The 
petrol  tank  holds  about  41 1.  (9  gal.),  sufficient  for  a  run  of  about  88  km. 
(55  miles),  and  the  water  tank  holds  127  1.  (28  gaL),  sufficient  for 
about  48  km.  (30  miles)  run.  The  wooden  wheels  are  71  cm.  (28  in.) 
in  diameter,  and  have  76*2  mm.  (3  in.)  Fisk  pneumatic  tyres.  The 
wheel  base  is  203  cm.  (6  ft.  6  in.),  and  the  track  is  137  cm  (4  ft.  6  in.). 

The  Chelmsford  car  is  made  by  Clarkson  and  Capel ;  generally 
it  is  fitted  as  a  private  omnibus  or  long  distance  touring  car, 
and  line  drawings  representing  elevation  and  plan  are  given  by 
Figs.  GIO  and  611.  The  rectangular  main  frame  is  of  channel  steel. 
The  fire  tube  boiler  (p.  43)  is  shown  at  A,  its  burner  (p.  44)  at  B, 
and  the  starting  lamp  at  C.  The  oval-section  funnel  D  passes 
through  the  roof,  and  on  either  side  are  curved  glass  window  panes 
opened  or  closed  at  will  From  the  main  oil  tank  E  at  the  rear,  oil 
is  pumped  to  the  pressure  chamber  F,  mounted  behind  the  boiler  on 
the  left ;  sufficient  fuel  is  carried  for  193  km,  (120  miles),  the  con- 
sumption being  -75  L  (1-33  pint)  per  car  mile.  Oil  flows  from  tank  F 
through  a  stop-cock  to  the  burner,  which  is  regulated  by  an  automatic 
device  G  {see  p.  44).  The  water  tanks  H  are  hidden  beneath  seats ; 
altogether  they  carry  154  1.  (34  gal.),  which  lasts  just  as  long  as  the 
fuel  oil,  and  they  have  removable  covers  J,  and  a  special  funnel  con- 
taining a  gauze  strainer.  The  water  is  pumped  from  tanks  through 
two  heaters  K  to  the  boiler.  The  12-h.p.  two-cylinder,  double-acting 
motor  with  cylinders  L  (see  p.  84),  is  fixed  horizontally  below  the 
frame;  the  crank  chamber  M  and  a  separate  casting  forming  the 
crank-shaft  bearings  are  bolted  to  casing  N,  which  encloses  the 
differential  gear  and  transverse  countershaft  (see  p.  367).  The  drive 
is  by  spur  gearing  to  the  countershaft,  and  thence  side  chains  to  the 
rear  wheels. 

The  exhaust  steam  from  the  motor  is  taken  by  two  separate 
exhaust  pipes  O  to  the  feed  water  heaters  K,  which  are  wound 
externally  with  wire  to  assist  in  cooling  the  exhaust  steam.  The 
steam  then  passes  to  the  opposite  ends  of  the  tube  P,  which  forms 
the  top  of  a  V-shaped  cooler  surrounding  the  closed-in  front  portion 
of  the  car.  This  radiator  resembles  a  V  in  the  plan  view ;  the  top 
and  bottom  tubes  P  Q  are  connected  by  vertical  wire  covered  tubes 
R.  A  certain  amount  of  steam  flows  into  them,  and  is  thus  con- 
densed, but  the  bulk  of  the  steam  flows  through  the  connecting  pipe 
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S  into  an  S-shaj>ed  condenser,  T,  vhich  has  a  large  number  of 
horizontal  tubes.  The  condensed  water  in  Iwth  coolers  finds  its  way 
into  the  drum  U  at  the  lowest  point  of  the  system,  the  water  from 
the  V-shaped  cooler  passing  down  the  pipe  V.     Any  uncondensed 
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Steam  is  led  into  the  flue  above  the  boiler,  so  that  it  passes  invisibly 
away  through  the  funnel.  The  condensed  water  itself  is  pumped 
from  the  drum  U  through  the  filters  W  (part  of  it  going  through 
each),  into  the  sponge  box  in  the  right-hand  water  tank.  This 
sponge  box,  immediately  beneath  the  front  cover  J,  forms  a  kind  of 
syphon ;  the  sponge  chamber  itself  is  an  open-ended  vertical  cylinder 
mounted  inside  a  second  chamber,  closed  at  the  bottom,  but  perforated 
near  its  upper  end. 

The  side  hand-lever  X  is  connected  with  the  valve  gear  by 
a  system  of  levers,  and  operates  it  through  a  rocking  shaft  Y,  lying 
across  beneath  the  crank  chamber  of  the  motor ;  when  this  shaft  is 
rocked  it  operates  the  reversing  gear.  The  lever  X.  carries  a  notched 
quadrant  which  engages  with  a  catch  let  into  the  body.  It  allows 
the  driver  to  vary  the  cut-off  of  the  engine  when  running  in  a 
forward  position,  and  to  reverse  the  direction  of  travel.  The  two 
pedals  aa  and  6t,  in  front  of  the  driver,  are  connected  respectively 
with  side  shoe  brakes  cc,  and  side  band  brakes  dd.  The  shoe  brakes 
press  upon  the  inside  face  of  rims  bolted  to  the  wheels,  and  the  band 
brakes  upon  drums  rigid  with  the  large  sprocket  wheels.  Under 
usual  conditions  the  motor  itself  also  forms  a  good  means  of  stopping 
the  car,  for  if  the  throttle  valve  is  closed,  and  the  reversing  lever  is 
thrown  over,  the  motor  acts  as  a  pump,  and  the  retarding  action  is 
suflScient  to  stop  the  car  upon  even  steep  hills.  The  steering  lever 
ee  is  hinged  to  an  upright  side  pillar  ff,  the  lower  end  of  which  carries 
a  crank  which  is  connected  by  the  usual  system  of  rods  to  the  heads 
of  the  steering  wheels.  The  steering  lever  can  be  thrown  up  out  of 
the  way  when  required.  The  Ackermann  principle  is  employed.  The 
hand-lever  gg,  on  the  left,  near  the  dial  board,  is  connected  by 
a  system  of  levers  with  a  combined  water  and  fuel  pump.  The 
two  pumps  fb.ce  one  another,  and  their  common  piston  rod  is  operated 
by  the  lever  gg\  one  forces  paraffin  from  the  main  tank  into  the 
pressure  tank  when  desired,  and  the  other  feeds  water  into  the  boiler 
when  the  car  is  standing.  This  car  is  one  of  the  few  in  which  a 
successful  condensing  system  has  been  combined  with  a  fire- tube 
boiler ;  there  does  not  appear  to  be  the  slightest  trace  of  oil  in  the 
feed  water,  and  the  presence  of  oil  in  {^he  water  tanks  is  inadmissible, 
except  with  a  flash  boiler.  The  special  form  of  lubrication — graphite 
mixed  with  heavy  oil — employed  may  have  much  to  do  with  the 
successful  working.    The  condensed  water  is  drawn  from  the  coolers 
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through  a  strainer  by  the  pump  on  the  countershaft,  and  is  then 
forced  by  it  through  the  filters  to  the  sponge  box  The  steam  from 
the  boiler  is  carried  through  a  gridiron,  M -shaped  superheater  above 
the  burner  before  passing  to  the  throttle  valve.  The  power  and  speed 
of  the  motor  are  regulated,  as  a  rule,  by  the  throttle  valve  entirely, 
but  in  special  cases,  such  as  when  ascending  steep  hills,  the  cut-off 
is  varied. 

The  Vapomobile  is  an  English-built  car  on  more  or  less  American 
lines.  The  boiler  is  semi-flash  or  fire  tube,  as  required,  and  the  motor 
is  two-cylinder,  double-acting,  high  pressure.  The  burner  may  be 
fitted  for  petrol  spirit  or  paraffin.  The  car  frame  is  of  drawn  steel 
tubing,  and  on  the  lighter  cars  the  road  wheels  are  of  the  bicycle  type 
with  steel  spokes,  artillery  wheels  being  used  on  heavier  cars.  There 
is  a  central  chain  drive  on  to  the  enclosed  differential  of  the  live 
rear  axle.  When  the  semi-flash  boiler  is  employed,  it  is  desirable 
to  condense  the  exhaust  steam,  as  any  traces  of  oil  left  in  the  feed 
water  after  filtration  do  not  affect  the  working  of  this  type  of 
generator.  In  an  open  vehicle  the  condenser  fitted  for  this  purpose 
is  underneath  the  car,  and  on  top  in  a  covered  one. 

The  Saracen  runabout  has  a  40*6  cm.  (16-in.)  fire-tube  boiler 
and  a  vertical  two-cylinder  motor.  Double-acting  brakes  on  the 
rear  axle  drums  are  controlled  by  Bowden  wires.  The  burner 
consumes  petrol  spirit,  but  can,  it  is  said,  be  readily  adapted  for 
paraffin. 

The  House  or  Lifu  light  car  is  made  by  the  Steam  Car  Co.,  House's 
System,  Limited.  It  is  a  well-built  car  having  a  10-h.p.  horizontal 
motor,  closed  in,  with  its  working  parts  running  in  an  oil  bath ;  the 
cylinders  are  compound,  but  with  the  use  of  an  intercepting  valve 
both  of  the  cylinders  may  be  worked  at  high  pressure  when  climbing 
steep  gradients.  The  power  is  transmitted  to  the  back  axle  by  a  steel 
pinion  on  the  crank-shaft  meshing  with  a  bronze  gear  wheel  on  the 
outside  of  the  differential  gear  case,  all  running  in  oil.  The  cylinder 
end  of  the  motor  is  hung  to  the  frame  of  the  car  by  a  double-ended 
ball  joint,  thus  allowing  free  action  of  the  back  axle,  while  at  the  same 
time  the  machinery  mechanically  adapts  itself  to  the  movement  of  the 
axle.  Two  pumps  are  worked  from  the  motor  with  a  double-ended 
phmger,  one  being  the  main  feed-pump,  and  the  other  maintaining 
the  air  pressure  in  the  oil  tank  when  the  car  is  running.  By  means  of 
an  auxiliary  hand  feed-pump  the  fire-tube  boiler  (p.  42)  can  be  filled 
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when  the  car  is  Dot  nmning,  aAd  there  is  a  hand  air-pump  fixed  to 
the  seat  for  raisiDg  the  air  pressure  in  the  oil  tank  when  necessary. 
The  burner  uses  ordinary  parafhn  oil.  When  steam  is  up  the  burner 
flame  is  regulated  automatically  by  the  pressure  in  the  boiler,  and  can 
be  turned  out  from  the  driver's  seat  The  copper  fuel  tank  holds 
enough  oil  for  from  95  km.  to  130  km.  (60  to  80  miles).  The  water 
tank  holds  sufficient  for  48  km.  to  64  km.  (30  to  40  miles),  according 
to  the  condition  of  the  roads,  and  both  fuel  and  water  tnnks  have 


indicating  dials.  The  steam,  after  leaving  the  motor,  passes  into"  an 
exhaust  box  and  atmospheric  condenser;  the  uncondensed  steam  then 
is  taken  into  the  smoke-box  above  the  boiler  and  passes  away 
invisibly.  The  water  from  the  feed-pump  is  forced  through  a  large 
coit  of  copper  pipe  in  the  cover  of  the  smoke-box,  and  then  into  a 
mud  separator  in  the  boiler,  the  products  of  combustion  being  used 
to  raise  the  temperature  of  the  feed  water  before  going  into  the  boiler. 
A  powerful  brake,  operated  by  the  foot,  expands  two  lovers  (shod  with 
Hbre)  into  a  flanged  disc  fastened  to  each  of  the  hind  wheels;  this 
brake  works  during  either  forward  or  backward  motioa  The  revers- 
ing of  the  engine  also  acts  as  a  powerful  brake. 
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The  Toledo  steam  car  has  the  familiar  appearance  of  an 
American  runabout,  but  it  weighs  680  kg.  (1,500  lb.)  and  has  a 
very  strong  tubular  frame.  The  boiler  is  a  special  feature  (see 
p,  57),  as  is  the  motor  with  its  piston  valves  (see  p.  85).  There 
is  the  usual  live  rear  axle,  but  this  is  made  rigid  by  an  arched 
tube  passing  over  the  differential.  There  is  a  tubular  front  axle. 
In  front,  the  body  is  suspended  above  the  underframe  by  two 
transverse  springs  joined  together  at  their  centres;  the  two  ends 
of  one  spring  are  pivoted  to  the  axle,  and  the  other  has  its  ends 
connected  to  a  body.  The  rear  springs  are  at  the  sida  Other 
features  are  the  use  of  a  single  lever  for  throttling  and  reversing, 
automatic  lubrication,  an  arrangement  of  feed  water  heater  com- 
bined with  a  silencer  for  the  exhaust  steam,  and  a  steering  tiller 
that  forms  a  lever  for  operating  an  auxiliary  feed  water  pump. 

The  Reading  car  has  a  5J  h.-p.  four-cylinder,  single-acting  motor 
(see  p.  92),  and  a  multitubular  boiler  containing  365  tubes  of 
126  mm.  (5  in.)  bore,  with  a  heating  surface  of  5*1  m^  (55  sq.  ft.) ; 
both  crown  and  circular  shell  of  boiler  are  made  from  one  piece  of 
metal.  The  burner  is  of  the  usual  American  shape,  but  its  feed  pipe 
passes  underneath  the  bottom  plate,  and  so  does  not  interfere  with 
the  perforation  of  the  entire  upper  surface,  or  permit  flooding.  A 
steam  water  pump,  steam  air  pump,  water  lifter,  and  condenser  are 
fitted.  A  feature  is  the  single  hand  control,  consisting  of  a  lever  to 
the  left  of  the  driver,  who  sits  on  the  left  side  of  the  car ;  the  lever 
rotates  a  countershaft  passing  right  across  the  car  beneath  the  seat, 
the  countershaft  carrying  cam  plates  which  automatically  operate  the 
throttle  valve  and  reversing  gear.  In  the  lever's  central  position 
steam  is  cut  off,  and  movement  one  way  admits  steam  for  forward 
movement,  and  the  other  wav  for  backward  movement;  further 
movement  opens  the  throttle  valve. 

In  the  Weston  steam  car,  automatic  devices  are  not  used,  and 
the  burner  (p.  57)  is  started  merely  with  a  match.  The  fire- tube 
boiler  at  the  back  is  described  on  p.  57,  and  the  two-cylinder 
vertical  motor  under  the  seat,  on  p.  87.  A  new  design  is  shown 
by  Fig.  612.  It  has  a  somewhat  stronger  framework,  springs,  etc., 
than  are  usual  in  this  type  of  car,  and  the  seat  and  tread  are  wide. 
The  box  dash  carries  tools  and  petrol  cans.  A  single  roller  chain 
connects  the  motor  with  the  live  axle  differential  gear,  which 
is  surrounded    by    a    bridge    (Fig.    613)    which    gives     additional 
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Stiffness.  The  water  tanks  hold  about  1141.  (25  gal.),  sufficient  for 
more  than  48  km.  (30  miles),  and  the  petrol  tanks  hold  sufficient  for 
120  km.  (75  miles). 

In  the  Frescott  steam  car,  whose  undercarriage  is  shown  by  Fig.  614, 
the  steam  is  superheated  during  its  passage  from  the  throttle  valve  to 
the  double-acting  two-cylinder  motor,  whose  cylinder  bore  is  52  mm. 
(25  in.),  and  piston  stroke  89  mm.  (3-5  in.).  The  boiler  shell  ot 
seamless  steel  is  406  cm.  (16  in.)  in  diameter,  and  its  top  and  bottom 
plates  are  connected  by  367  copper  tubes  of  No.  20  gauge,  and 
126  mm.  (5  in.)  bore ;  a  dry-plate  is  fitted  inside  and  an  outer  asbestos 
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Fig.   614.— Pbucott  Stum   Cau  Fbakb  and 


covering  is  held  in  place  by  steel  sheeting.  The  working  pressure  is 
168  kg.  per  cm-,  (240  lb.  per  sq.  m.).  The  special  burner  is  described 
on  p.  81.  The  steam  is  superheated  after  passing  through  the 
throttle  valve  by  being  led  back  to  a  coil  placed  between  burner  and 
boiler,  the  connecting  pipes  passing  actually  through  two  of  the  boiler 
tubes.  Exhaust  steam  from  the  motor  heats  the  feed  water,  and  then 
passes  to  a  neat  condenser  in  front,  formed  of  a  large  number  of 
small  parallel  tubes  expanded  into  end  castings ;  for  short  runs,  the 
steam  is  exhausted  above  the  burner,  where  it  is  heated  to  invisibility. 
A  steam  feed  pump  supplies  water  to  the  boiler  when  the  motor  is  at 
rest,  and  a  smaller  pump  maintains  the  pressure  upon  the  fuel  tank. 
There  is  also  a  hand  water  pump.  The  front  and  rear  axles  are 
connected  by  reaches,  as  shown  in  Fig.  614,  formed  of  steel  tubes 
filled  with  ash.     The  four  springs  are   elliptic.     The  drive  is  by  a 
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single  chain  to  the  differential,  as  usual  in  small  steam  cars.  There 
is  a  peculiar  form  of  band  brake  (see  p,  492).  The  wheel  base  is 
172  cm.,  and  the  tread  137  cm.  (5  ft.  8  in.  and  4  ft  6  in.).  The  cycle- 
type  wheels  with  steel  spokes  are  71  cm.  (28  in.)  in  diameter.  Empty, 
the  car  weighs  454  kg.  (1,000  lb.).  Two  fuel  tanks  contain  34  L  and 
11-35  1.  (7-5  and  25  gaL)  respectively,  and  145  1.  (32  gal.)  of  water 
can  be  carried. 

The  Stanley  car  has  a  horizontal  motor  beneath  the  boiler, 
and  a  spur  wheel  on  the  centre  of  the  crank-shaft  drives  direct 
on  to  the  differential  gear  of  the  live  axle.  The  motor's  moving 
parts  are  in  a  sheet-metal  casing,  and  the  crank-shaft  and  con- 
necting rods  have  ball  bearings.  The  burner  resembles  the 
Prescott  (p.  81).  Petrol  spirit  is  pumped  from  the  main  tank 
and  forced  into  a  small  pressure  reservoir  instead  of  being  kept 
under  pressure  in  bulk.  The  driver  does  not  vary  the  cut-off  of 
the  motor. 

One  of  the  most  interesting  steam  cars  yet  introduced  is  the 
Gardner-Serpollet,  whose  leading  features — a  flash  generator  and  a 
novel  superheated  steam  motor — are  described  on  pp.  64  and  93 
respectively.  It  is  regretted  that  there  is  not  space  enough  here  to 
treat  the  many  elements  of  this  car  in  exhaustive  detail ;  but  the  de- 
scriptions of  the  boiler,  burner,  and  motor  already  given,  together  with 
the  following  description  of  the  parts  of  the  car  and  enunciation  of  the 
general  principles  on  which  it  works,  probably  will  meet  most  require- 
ments. The  carriage  work  is  got  up  in  several  different  styles,  but 
the  chassis  is  practically  the  same  in  all  cases,  and  Fig.  615  gives  some 
idea  of  it.  A  channel  steel  main  frame  supports  at  the  rear  the  flash 
boiler  which  supplies  superheated  steam  to  the  centrally  placed  motor, 
which,  with  the  pumps  driven  by  it,  is  also  carried  by  the  jframe.  A 
cylindrical  oil  tank  lies  across  the  frame,  just  in  front  of  the  motor,  as 
illustrated,  and  the  water  tank  forms  the  dash  in  front  On  the  left 
end  of  the  motor  crank-shaft  is  a  sprocket  wheel  which  chain-drives 
the  differential  on  the  hve  rear  axle  (see  Fig.  357,  p.  364),  the  speed 
gear  ratio  being  about  3  or  4  to  1.  At  the  other  end  of  the  crank-shaft 
is  a  spur  wheel  driving  a  stepped  cam,  which  rocks  a  lever  to  which 
the  fuel  and  water  pumps  are  connected.  Lubricating  oil  is  contained 
in  a  reservoir  alongside  the  motor,  and  is  circulated  by  a  force-pump : 
this  is  worked  by  a  ratchet  device  driven  from  the  end  of  the  stepped 
cam  shaft.     The  boiler  steam  pipe  leads  to  a  throttle  valve  from  which 
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pipes  pass  to  each  end  of  the  motor.  The  condenser  is  formed  of  a 
number  of  horizontal  tubes  and  is  placed  below  the  frame  over  the 
front  axle,  extending  back  as  far  as  the  cylindrical  oil  tank.  A  hand 
pump  for  initially  feeding  water  to  the  boiler  is  fixed  to  the  right-hand 
side  of  the  frame  and  is  connected  with  a  hand  lever  at  the  side  of  tlio 
driver.  Two  regulating  levers  on  the  steering  pillar  respectively 
regulate  the  throw  of  the  feed  pumps  and  slide  the  composite  cam 
which  operates  the  motor  valves  (see  p.  95);  one  lever  regulates  the 
quantity  of  water  and  fuel  delivered  to  the  boiler  and  burner,  and  the 
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Other  varies  the  cut-off  and  reverses  the  motor.  Pressing  down  a  pedal 
to  the  left  of  the  steering  pillar  opens  the  main  steam  throttle  valve 
normally  closed  by  a  spring.  To  the  right  of  the  steering  pillar  is  a 
pedal  operating  the  rear  wheel  band  brakes,  and  a  strong  side  lever 
applies  emergency  spoon  brakes  on  the  rear  wheels.  Four  pressure 
gauges,  a  relief  valve,  a  small  air  pump,  and  two  three-way  cocks  are 
fitted  upon  the  dash  board.  As  the  steering  pillar,  carried  by  a  light 
cross  girder,  is  almost  immediately  over  tlie  front  axle,  the  steering  gear 
necessarily  is  somewhat  unusual ;  the  lower  end  of  the  pillar  carries  a 
pinion  working  on  a  quadrant ;  the  quadrant  is  rigid  with  a  shaft  fitted 
with  projecting  arms  from  which  two  rods  connect  it  with  an  indepen- 
dent vertical  shaft,  carried  in  bearings  on  the  motor  frame.  From  the. 
lower  end  of  this  second  short  shaft  an  arm  projects,  and  a  connecting^^ 
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rod  leads  from  it  to  the  steering  head  of  the  right-hand  road  wheel  in 
the  ordinary  manner.  A  recent  improvement  is  to  couple  the  quad- 
rant to  the  independent  vertical  shaft  direct.  The  substantial  live  rear 
axle  is  carried  in  cast-steel  axle  boxes,  in  whose  underneath  oil  boxes 
float  small  pieces  of  cork  which  keep  the  bearings  oiled.  The  axle  is 
solid  from  hub  to  hub,  but  sleeves  connect  each  road  wheel  with  the 
concentric  planet  bevel  wheels  of  the  enclosed  differential  gear ;  this 
differential  is  to  the  left  of  the  centre,  a  short  sleeve  being  free  on  the 
actual  axle,  and  a  long  right-hand  sleeve  being  solid  with  it.  The 
road  wheels  slip  over  the  actual  axle  and  are  driven  by  the  sleeves 
through  jaw  clutches.  The  suspension  springs  are  serai-elliptic,  and 
the  four  artillery  wheels  are  identical,  having  an  approximate  diameter 
of  91*4  cm.  (36  in.),  and  being  fitted  with  pneumatic  tyres. 

The  diagram  of  water  and  fuel  connections  on  the  English  Gardner- 
SerpoUet  cars  (Fig.  616)  shows  also  the  device  for  starting  the  car 
without  using  the  hand  pump  previously  mentioned.  The  boiler  is 
represented  by  a  single  zigzag  tube ;  water  is  delivered  into  it  at  the 
lower  end  A,  and  the  steam  passes  out  through  tube  B.  The  burner 
is  represented  by  four  jets  and  is  fed  with  fuel  through  pipe  C,  which 
forms  a  vaporising  tube  heated  by  the  burners  themselves.  The 
combined  water  and  feed  pumps  which  normally  feed  the  boiler  and 
burner  respectively  are  shown  at  the  bottom  of  Fig.  616,  and  are 
operated  by  rocking  lever  D,  which  gives  a  reciprocating  motion  to 
pistons  E  and  F  proportionately.  The  dotted  lines  represent  the 
different  positions  which  the  lever  D  assumes  about  its  fulcrum.  The 
water  pump  has  a  piston,  E,  suction  valve,  G,  and  delivery  valve,  H ; 
and  it  normally  draws  its  supply  from  the  main  water  tank,  through 
pipes  I  and  J,  and  delivers  this  water  through  the  pipe  K  to  the 
connection  junction  L,  and  thence  into  the  boiler  tube  at  A.  The 
fitting  L  has  a  non-return  check  valve,  M,  which  permits  the  water  to 
pass  from  the  pump  to  the  boiler,  but  prevents  its  return.  The  water 
pipe  I  branches  in  two  directions  as  shown,  the  pipe  N  leading  to  a 
hand  pump,  O,  which  is  worked  by  the  driver  by  means  of  the  vertical 
lever  shown.  The  check  valves  of  this  pump  are  seen  at  P  and  Q. 
When  this  pump  is  brought  into  operation  it  delivers  water  from  the 
main  tank  through  pipe  R  into  the  same  fitting,  L,  as  does  the  power 
pump.  Thus  these  two  pumps  constitute  the  ordinary  water  feeds 
apart  from  the  self-starter  described  later.  The  superheated  steam 
generated  in  the  boiler  passes  along  pipe  B  to  a  throttle  valve  situated 
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at  S.  This  throttle  valve  controls  the  flow  of  steam  to  the  motor.  On 
the  boiler  side  of  the  throttle  valre  a  branch  pipe,  T,  leads  down  to  a 
T-connection  at  the  bottom  of  an  automatic  device  forming  a  relief  or 
safety  valve.  The  T-conneetion  forma  a  passage  for  the  steam  to  the 
small  piston  U,  and  to  the  pipe  V,  which  leads  to  the  steam  pressure 
gauge  shown.  This  gauge  indicates  the  steam  pressure  in  the  boiler 
at  all  times.     The  purpose  of  the  relief  valve  is  to  prevent  excessive 
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pressure  in  the  boiler,  and  it  acts  as  follows :  The  steam  enters  the 
small  cylinder  forming  the  lower  part  of  the  device,  and  when  its 
pressure  is  sufficient  it  raises  the  piston  U  against  the  action  of  the 
inside  spring  shown ;  the  piston  rod  then  lifts  the  ball  W  off  its  seat 
with  the  result  that  the  lower  end  of  the  boiler  tube  is  in  free  com- 
munication with  the  water  tank  through  the  pipes  A,  X.nnd  Y,  past 
the  ball  W,  and  through  the  three-way  cock  Z,  thus  emptying  the 
boiler  of  all  water  and  steam.  By  means  of  a  small  band-lever,  a,  on 
the  relief  valve,  the  driver  can  empty  the  boiler  in  a  similar  manner 
when  desired.    A  valve,  b,  cuts  off  communication  between  the  pipe 
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X  and  a  branch  pipe,  c,  but  permits  the  driver  to  establish  a  connec- 
tion between  them  without,  however,  closing  the  free  passage  through 
the  pipe  X  itself.     The  purpose  of  c  is  explained  below. 

The  English  Gardner-Serpollet  new  self-starting  device  consists  of 
a  cylindrical  container,  called  the  "  automatic  self-starting  device  " 
in  Fig.  616,  in  which  is  a  piston,  rf,  which  separates  water  beneath  from 
compressed  air  above  it.  The  pipe  c  leads  into  the  bottom  of  this 
chamber,  and  is  full  of  water.  The  upper  portion  of  the  chamber, 
which  is  airtight,  and  sufficiently  strong  to  withstand  considerable 
pressure,  is  fitted  with  a  T-piece,  e,  which  communicates  on  the  one 
hand  thraugh  a  pipe  with  a  pressure  gauge,  and  on  the  other  hand 
through  the  pipe  g,  to  a  compressed  air  cylinder  shown.  This  cylinder 
is  connected  with  a  fitting,  h,  which  contains  a  valve  arranged  to  open 
or  close  the  connection  between  the  cylinder  and  a  threaded  nozzle,  i ; 
When  this  apparatus  is  first  fitted,  an  ordinary  power  pump  h  con- 
nected to  the  nozzle  i ;  the  valve  in  h  then  is  opened,  the  valve  b 
closed,  and  air  is  then  forced  into  the  compressed  air  cylinder 
and  the  container;  in  Fig.  616  the  latter  is  called  the  "automatic 
self-starting  device."  The  indicator  gauge  shows  the  actual  pressure 
obtained.  The  valve  in  h  then  is  closed,  and  the  power  pump  removed. 
This,  of  course,  is  the  procedure  only  when  the  device  is  first  fitted. 
When  steam  has  been  raised  in  the  ordinary  manner,  the  valve  b  is 
opened,  and  a  certain  quantity  of  additional  water  is  fed  dovm  the 
pipe  c  into  the  lower  portion  of  the  container,  until  the  pressure  of 
the  air  in  the  container  is  raised  to  that  of  the  boiler.  The  quantity 
of  water  in  the  container  will  now  depend  upon  the  boiler  pres- 
sure, and  the  water  from  it  can  be  forced  into  the  boiler  only  when 
the  pressure  in  it  is  lower  than  that  at  which  the  relief  valve 
comes  into  operation.  Once  having  started,  the  valve  b  may 
remain  open  and  the  self-feeding  device  will  work  automatically  and 
will  only  feed  water  to  the  boiler  when  the  latter's  pressure  is  less  than 
that  of  the  compressed  air.  If  the  throttle  valve  is  closed,  the 
pressure  in  the  boiler  will  rise  abnormally  and  the  relief  valve 
will  open.  At  the  saqie  time  the  amount  of  water  in  the  special 
container  will  have  increased.  The  action  of  the  relief  valve  then 
will  allow  only  sufficient  water  to  return  to  the  main  water  tank  to 
reduce  the  steam  pressure  to  the  required  extent.  During  this  time 
the  water  in  the  special  container  will  return  to  its  normal  level, 
and  if  the  motor  is  at  rest  the  pressure  in  the  boiler  will  prevent 
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any  more  water  from  being  delivered  to  it  from  the  automatic  device 
until  opening  the  throttle  again  allows  steam  to  pass  to  the  motor. 
Ordinarily,  therefore,  as  the  valve  6  is  open,  it  will  not  be  necessary 
to  use  the  hand  pump  O ;  but  it  is,  however,  very  necessary  that  the 
valve  b  should  be  shut  betore  the  burner  is  extinguished,  as  other- 
wise the  boiler  pressure  would  diminish,  and  the  water  in  the  special, 
container  would  tend  to  flow  through  it  to  the  throttle  valve  S.  When 
next  using  the  car,  and  having  heated  up  the  boiler  in  the  usual 
manner,  the  valve  h  may  again  be .  opened,  and  the  hand-pump  0 
need  not  be  used. 

With  regard  to  the  fuel  connections  of  the  English  Gardner-Serpollet 
car,  the  paraffin  tank  is  fitted  at  a  higher  level  than  the  fuel  feed 
pump  (shown  at  the  bottom  of  Fig.  616) ;  this  pump  is  smaller  than 
the  water  feed  pump,  and  its  piston,  F,  has  a  shorter  stroke  than  the 
piston  E  in  consequence  of  its  being  attached  to  the  lever  D  at  a 
shorter  distance  from  the  fulcrum  point  The  power  fuel  pump  takes 
its  supply  of  oil  through  a  pipe  from  the  bottom  of  the  paraffin  tank. 
Its  suction  valve  is  at  k,  and  its  delivery  valve  at  L  The  delivery  pipe 
from  it  branches  in  two  directions,  the  one  leading  the  oil  through  the 
pipe  C  and  the  vaporising  coil  to  the  burner,  whilst  the  other  com- 
municates through  pipe  tti  with  the  paraffin  gauge  No,  1.  As  has 
been  said,  all  the  gauges  are  fitted  on  the  dash  in  sight  of  the  driver. 
No.  1  paraffin  gauge  indicates  the  pressure  of  oil  in  the  burner,  and 
enables  the  driver  to  guard  against  the  two  extremes  of  an  extinguished 
burner  and  an  excessive  feed.  The  cylindrical  paraffin  tank  is  airtight 
and  fitted  at  it  highest  point  with  a  pipe,  n,  which  communicates  both 
with  pressure  gauge  No.  2,  and  through  the  pipes  o  and  p  with  a 
small  hand  air  pump.  This  pump  puts  a  small  pressure  upon  the  oil 
in  the  supply  tank.  Thus,  when  the  motor  is  at  rest,  the  pressure 
forces  the  oil  past  the  check  valves  k  and  I  to  the  burner,  and  thus 
maintains  a  sufficient  flame.  Two  three-way  cocks,  q  and  Z,  are  shown 
in  Fig.  616,  the  former  fitted  between  the  air  pump  and  the  fuel  tank, 
and  the  latter  in  the  water  connections  between  the  relief  valve  and  the 
main  water  tank  The  cock  q  firstly  puts  the  hand  air  pump  in  con- 
nection with  the  paraffin  tank ;  or,  secondly,  closes  the  end  of  the  pipe 
o  ;  or,  thirdly,  allows  the  air  in  the  paraffiln  tank  to  escape  through  the 
cock  it.self  direct  to  the  atmosphere.  The  cock  Z  either  establishes  a 
normal  connection  between  the  relief  valve  and  the  water  tank,  or 
secondly,  cuts  oft*  this  connection,  or,  thirdly,  allows  the  water  passing 
K  K 
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the  ball  W  to  escape  direct  through  it  to  the  ground.     Thus  cock  Z 
may  be  made  to  show  whether  all  is  working  properly.     The  descrip- 
tion of  the  English  Gardner-Serpollet  car  is  now  sufficiently  complete. 
The  Chaboche  steam  car  has  as  its  principal  features  the  employ- 
ment of  a  new  type  of  flash  boiler  (p.  69),  a  special  burner  (p.  70),  a 
superheated  steam  double-acting  motor  forming  one  piece  with  the 
change-speed  gear,  a  longitudinal  driving  shaft  and  live  rear  axle,  and 
of  automatic  devices  for  regulating  the  feeds  to  burner  and  boiler. 
Fig.  617  gives  a  mere  diagram  of  the  general  arrangement  of  the  car, 
and  shows  chiefly  the  fuel  connections.    The  channel  steel  main  frame 
A  supports  in  front  a  water  tank,  B,  of  sufficient  capacity  for  64  km. 
(40  miles),  and  suspended  from  it  just  behind  the  front  axle  is  a  con- 
denser ;  behind  the  condenser  is  a  fan  worked  by  the  motor.     Motor 
and  change-speed  gear  (p.  563)  are  enclosed  in  the  aluminium  casing 
C,  fixed  beneath  the  frame  almost  centrally  between  the  axles.    The 
fuel  used  is  paraffin,  and  this  is  contained  in  the  copper  tank  D,  lying 
across  the  frame  slightly  forward  of   the  back  axle.     It  contains 
sufficient  for  193  km.  (120  miles).     The   boiler  E,  with   burner  F 
beneath  it,  is  right  at  the  back  of  the  car  ( see  p.  69).    Water  is  taken 
from  the  main  tank  B  through  a  small  tubular  cooler  beneath  it,  and 
is  delivered  to  a  pressure  drum,  G,  by  a  hand  pump  below  the  dash- 
board— this  is  but  little  used — or  by  a  motor-driven  pump.   The  drum 
contains  a  cushion  of  air  and  normally  communicates  freely  with  the 
boiler  coils,  so  that  water  can  flow  between  them  either  way.     The 
pump  delivery  to  the  pressure  chamber  is  regulated  by  an  automatic 
device  which  bye-passes  a  certain  quantity  of  the  water  back  to  the 
supply  tank  according  to  the  steam  pressure ;    this  keeps  the  boiler 
pressure  constant,  because  the  water  can  be  forced  back  from  it  to  the 
pressure  drum,  whose  pressure  is  indicated  by  a  gauge.     Tbe  boiler 
pressure  can  be  increased  by  depressing  a  pedal  which  increases  the 
effective  strength  of   the   spring   that   holds  down  the  relief  valva 
The  pressure  chamber  and  boiler,  between  which  is  a  shut-oiT  cock, 
communicate    through  a  coiled   copper  pipe,  which   being  of  thick 
metal   stores  up   heat   when  water   passes   back   through   it  to  the 
pressure  chamber,  and  gives  up  its  heat  when   the  water  passes  in 
the  other  direction.     The  paraffin  for  the  burners  F  is  drawn  from 
tank  D,  and  forced  by  a  power  pump  into  another  pressure  chamber, 
H,  for  which   there   is  a  gauge  on  the  dashboard;   the  pressure  in 
this  chamber  is  kept  constant  by  a  spring-loaded  relief  valve  which 
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bye-passes  oil  back  to  the  suction  side  of  the  fuel  pump  when  the 
desired  pressure  is  exceeded.  The  quantity  of  air  forming  the  cushion 
in  the  chamber  H  is  maintained,  as  it  becomes  absorbed  by  the  oil, 
by  a  hand  pump,  J,  on  the  steering  pillar.  The  driver  varies  the 
actual  pressure  by  means  of  a  small  handle,  this  varying  the  effec- 
tive strength  of  the  spring  holding  down  the  relief  valve.  The  fuel 
flows  to  the  burner  from  its  pressure  chamber  H  through  a  hand- 
regulated  needle-valve,  and  an  automatically  controlled  valve,  K, 
mentioned  on  p.  69.  Valve  K  cannot  cut  off  the  fuel  supply  entirely, 
and  suflScient  oil  to  keep  the  burner  alight  always  passes.  The  steam 
passes  through  the  expansion  pipe  which  controls  the  fuel  supply  to 
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a  safety  valve,  and  thence  to  a  throttle  valve  controlled  by  a  small 
lever  on  the  steering  pillar.  A  small  pipe  leads  from  the  safety 
valve  to  a  gauge  on  the  dash,  and  forms  a  trap  for  any  foreign  matter. 
Two  separate  pipes  take  the  steam  from  the  throttle  to  the  two 
cylinders  of  the  motor.  From  the  lubricating  oil  pressure  chamber, 
L,  the  oil  passes  to  the  boiler,  where  it  floats  upon  the  water  and  is 
forced  at  boiler  pressure  to  a  lubricator  and  thence  to  the  motor. 
The  pressure  of  oil  in  the  flash  boiler  does  not  affect  the  working. 

The  Chaboche  superheated  steam  double-acting  motor  can  hardly 
be  considered  apart  from  the  transmission  gear,  as  may  be  apparent 
from  the  diagram,  Fig.  618,  which  shows  a  plan  of  tbe  motor,  the 
change-speed  gear,  and  the  mechanical  feed  pumps.  Its  cylinders  lie 
transversely,  and  nearly  horizontally,  the  crank  chamber  being  com- 
bined with  the  gear  case.  The  12-h  p.  motor  has  two  cylinders  of 
72  mm.  (283  in.)  bore,  and  80  mm.  (314  in.)  piston  stroke.    The 
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crank-shaft  A,  carried  in  four  bearings,  passes  through  the  casing  at 
its  forward  end  only  (at  the  top  of  Fig.  618),  and  there  [carries  a  fan, 
which  draws  air  through  the  condenser.  The  crank-shaft  has  three 
spur  wheels,  B,  C,  D ;  the  first  two  are  of  unequal  size,  and  always  mesh 
with  wheels  E  F  respectively,  these  being  mounted  on  a  lay  shaft  inside 
the  casing,  and  nonnally  running  idly,  though  either  can  be  clutched 
to  the  lay  shaft  by  a  two-way  jaw  clutch,  G.  This  clutch  is  slid  along 
by  a  fork,  H,  when  operated  by  a  lever  on  the  steering  pillar.  A  third 
spur  wheel,  J,  is  fixed  to  the  lay  shaft,  and  meshes  with  wheel  K  on 
the  inner  end  of  a  short  shaft  passing  through  the  back  end  of  the 
casing ;  at  the  outer  end  of  the  short  shaft  is  a  universal  joint,  L, 
forming  part  of  the  longitudinal  driving  shaft  (M,  Fig.  617),  which 
drives  the  live  rear  axle.  Jaw  clutches  G  allow  of  (1)  the  motor  run- 
ning free,  or  (2)  driving  the  car  through  the  low  gear  C  and  F,  or 
through  the  high  gear  B  and  E.  Ball  bearings  carry  the  various 
shafts.  The  longitudinal  shaft  has  a  telescopic  joint  (besides  the 
universal  joints  at  each  end),  so  that  the  drive  is  flexible.  The  cranks 
on  the  crank-shaft  are  at  right  angles  to  one  another,  and  the  double- 
acting  cylinders  prevent  any  dead  centres.  Link-motion  reversing 
gear  operates  the  slide  valves.  Steam  chest  cover  M,  Fig.  618,  is  held  in 
place  by  six  studs,  and  is  wedge-shtiped  to  render  the  slide  valve  more 
accessible.  The  mechanical  feed  pumps  N,  O,  for  water  and  fuel 
respectively,  are  bolted  to  the  sides  of  the  main  casing ;  N  is  driven 
by  a  connecting-rod  from  a  crank  pin  on  a  small  lay  shaft,  P ;  whilst 
O  is  driven  by  an  eccentric  mounted  on  shaft  P ;  this  shaft  carries  a 
spur  wheel,  Q,  which  is  driven  from  the  crank-shaft  by  spur  wheel  D, 
and  as  Q  is  much  bigger  than  D  the  pumps  run  at  a  much  lower 
;speed  than  the  motor. 

Miesse  steam  cars,  made  in  two  sizes,  6  h.-p.  and  10  h.-p.  and 
identical  in  everything  save  dimensions,  have  a  rectangular  main 
frame  built  up  of  wood,  stiffened  with  steel  flitch  plates  and  comer 
plates.  There  are  five  channel-steel  cross  members,  two  of  which 
carry  the  boiler  beneath  the  bonnet  in  front,  one  is  beneath  the  dash, 
and  the  remaining  two  support  the  fuel  tank  and  water  tank  at 
the  rear.  The  steam  motor  is  carried  in  the  centre  of  the  frame  on 
two  cross  channels,  which  are  rigid  with  brackets  bolted  to  the  frame. 
The  cylinders  are  cast  in  one  piece  and  are  bolted  to  the  crank 
chamber  which  also  encloses  the  differential  gear  on  the  cross 
countershaft.      The  transmission  is  by  side  chains  as  in  a  petrol  car, 
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which,  indeed,  the  Miesse  car  closely  resembles  outwardly.  Feed 
water  pumps  are  lixed  on  the  right-hand  side  of  the  car  and  are 
formed  in  one  casting,  one  being  operated  by  a  hand  lever,  and  the 
other  by  an  eccentric  on  the  countershaft  An  air  pump,  fixed  to  the 
left  of  the  motor,  is  driven  by  a  crank  pin  on  the  end  ot  the  crank-shaft. 
The  flash  boiler  is  built  up  of  several  layers  of  steel  tubes,  and  is 
heated  by  a  special  form  of  burner  which  consumes  ordinary'  paraffin. 
The  water  is  forced  into  one  end  of  the  boiler  by  a  hand  pump  when 


starting,  and  by  a  mechanically  driven  pump  when  the  car  is  runniDg ; 
the  quantity  of  water  delivered  by  the  power  pump  depends  upon  the 
speed  of  the  motor,  but  the  actual  amount  which  finds  its  way  into 
the  boiler  is  regulated  by  hand,  any  surplus  finding  its  way  back  to 
the  supply  tank.  The  hand  regulator  consists  of  a  bye-pass,  and  it 
primarily  enables  the  driver  to  regulate  the  steam  pressure.  The 
steam  is  taken  direct  ftoin  the  boiler  to  the  motor,  the  latter  being 
controlled  by  varying  the  cut-otf  and  reversing  gear ;  in  some  cft.ses 
there  is  a  throttle  valve,  which  is  closed  by  depressing  a  pedal.  A 
safety  valve  and  a  hand-operated  relief  valve  are  provided  on  branch 
pipes  between  the  water  feed  pump  and  the  boiler,  but  the  steam  pipe 
from  the  boiler  runs  direct  to  the  motor,    and    has    no    branch 
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connections  of  any  kind.  The  heat  of  the  burner  is  regulated  entirely 
by  hand,  and  the  fuel  is  fed  from  the  supply  tank  to  it  under  pressure. 
The  pressure  in  the  tank  is  automatically  maintained,  when  running, 
by  a  pump  driven  off  the  motor  crank-shaft,  the  degree  of  pressure 
being  kept  constant  by  a  relief  valve  which  opens  at  a  certain  pressure. 
The  paraffin  oil  on  its  way  to  the  burner  passes  through  two 
vaporising  coils  which  lie  above  the  burner,  and  the  gas  generated  in 
the  vaporiser  is  led  through  the  regulating  valve  to  a  single  nozzle 
which  projects  into  a  pipe  forming  part  of  the  burner.  The  quantity 
of  gas  is  controlled  by  the  driver,  but  there  is  no  regulator  for  the  air. 
The  air  and  gas  pass  along  the  pipe  into  a  chamber  from  which  a  large 
number  of  parallel,  horizontal  tubes  project  beneath  the  boiler.  To 
form  the  burner  jets,  the  tubes  are  perforated  with  rows  of  fine  holes, 
drilled  at  an  angle.  The  burnt  gases  are  conducted  from  above  the 
boiler  by  a  flue  passing  across  it  and  down  behind  it ;  the  flue  is  open 
to  the  air  in  front,  and  the  necessary  draught  is  created  by  the  forward 
travel  of  the  car.  The  motor  is  lubricated  entirely  on  the  splash 
system,  oil  being  fed  into  the  crank  chamber  for  this  purpose.  The 
motor  consists  of  three  parallel,  horizontal,  single-acting  cylinders, 
fitted  with  cam-operated  mushroom  valves.  The  crank-shaft  has  its 
three  crank  pins  arranged  at  angles  of  120^*  from  one  another,  and  the 
power  is  transmitted  throughapairof  spur  wheels  to  a  differential  gear 
enclosed  in  the  same  casing  with  it.  The  differential  gear  is  mounted 
upon  a  countershaft  lying  across  the  frame  of  the  car,  from  the  ends 
of  which  side  chains  pass  to  the  rear  wheels.  The  exhaust  steam  from 
the  motor  is  led  to  a  radiator  in  front  of  the  car,  and  any  condensed 
water,  as  also  any  uncondensed  steam  passing  through  it,  is  led  back 
by  a  pipe  to  the  water  tank. 

A  steam  car  built  two  years  or  so  ago  by  the  Automobile  Manu- 
facturing Company  is  shown  in  side  elevation  by  Fig.  619,  and  in 
front  and  back  elevation  by  Figs.  620  and  621.  A  flash- type  boiler  is 
employed,  heated  with  petroleum,  an  oscillating  type  of  motor  driving 
direct  on  the  rear  axle,  an  automatic  water  feed  to  the  boiler,  a  condenser 
which  enables  part  of  the  feed  water  to  be  returned  to  the  water  tank, 
and  a  reheater  which  renders  any  uncondensed  steam  invisible.  This  car 
presents  considerable  deviations  from  usual  practice.  Figs.  619,  620, 
and  621  show  that  a  channel  framework  carries  all  the  various 
parts,  jointed  tie  rods  connecting  the  front  and  rear  axles.  The 
boiler  B,  in  front,  is  heated  by  a  furnace,  A,  into  which  the  oil  and 
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ftir  enter  through  the  passage  C.  The  fuel  supply  is  regulated 
by  a  needle  valve,  adjusted  by  a  system  of  levers,  of  which  D  is 
one.  The  steam  from  the  boiler  B  posses  to  a  distributing  valve, 
F,  which  directs  it  into  either  the  two  cut-off  valves  G  or  into  the 
trunnion  valves  H.  The  distributing  valve  F  ^o  changes  over  the 
connections  of  the  main  exhaust  pipe  to  the  other  of  these  supply 
and  exhaust  valves,  at  the  same  time  that  it  changes  over  the  live 
steam  connections  to  them.  In  this  particular  car  the  valve  F, 
which  mn-j  be  called  a  reversing  valve,  is  circular,  the  live   steam 


Fig.  619, — SiDB  Elbtatios  oi 

being  on  the  upper  and  the  expanded  steam  on  the  lower  side.  By 
rotating  the  valve  the  motor  is  reversed  and  the  degree  of  throttle 
varied.  This  valve  is  actuated  by  hand  through  the  rods  J  and  K. 
When  running  forwards,  the  steam  passes  through  the  cut-off  valves 
G  to  the  outside  trunnion  valves  H  of  two  oscillating  cylinders  L. 
The  sliding  blocks  M,  actuated  by  the  hand  lever  N  through  the 
rod  0,  enable  the  cut-off  of  both  of  the  cylinders  to  be  varied  as 
desired.  Two  double-acting  cylinders  L  are  carried  by  trunnions 
upon  arms,  mounted  at  their  other  ends  about  the  rear  axle.  The 
cylinders  have  a  bore  of  1016cm.  (4  in.)  and  a  stroke  of  223  cm. 
(8*8  in.) ;  and  their  piston-rod  ends  are  connected  to  cranks  forming 
part   of  the  rear  axle.      The  two  cranks   are  set  at  90°  from  each 


568 


THE  AUTOMOBILE. 
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Other,  and  thus  avoid  any  dead  points.     The  cylinders  L  oscillate 
upon  trunnions,  and  so  control  the  admission  and  exhaust  of  steam 

to  and  from  themselves. 
The  exhaust  steam 
passes  from  the  distri- 
buting valve  F  to  a 
large  condenser,  P,  un- 
derneath the  frame^ 
whose  other  end  leads 
into  the  chamber  Q, 
where  any  condensed 
steam  collects.  A  pipe 
(not  shown)  leads  from 
the  bottom  of  the  cham- 
ber Q  into  a  water  tank 
under  the  seat.  This 
pipe  forms  a  coil  in  the 
water  tank,  and  termin- 
ates above  the  surface 
of  the  water.  From  the 
top  of  this  tank  a  pipe 
leads  into  the  flue  of 
the  boiler.  Thus  steam 
is  condensed,  and  the 
water  formed  is  driven 
up  into  the  water  tank. 
If,  however,  the  con- 
denser is  unable  to  con- 
dense all  the  steam,  the 
surplus  passes  through 
the  coil  in  the  water 
tank  and,  if  still  uncon- 
densed,  passes  into  the 
hot  flue  of  the  boiler 
and  is  reheated  before 
going  into  the  atmo- 
sphere. The  paraffin 
tanks  R  and  S,  and  an  air  tank,  T,  also  are  fitted  at  the  back  of 
the  seat,  a  petrol  tank  being  placed  under  the  seat. 
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Figs.  620  and  621. — Front   and  Back  Elevation  of 
Automobile  Manufacturing  Company^s  Sfeaii  Car. 


STEAM  AUTOMOBILE    CARRIAGES.  S69 

The  fuel  and  water  connections  of  the  above  car  are  shown  by 
Fig.  622.  A  two-way  cock.  A,  enables  either  petroleum  or  petrol  spirit 
to  pass  to  a  second  two-way  cock,  B,  which  either  passes  the  fuel  by 
the  pipe  C  to  a  starting  coil,  D,  and  thence  by  the  pipe  E  to  the 
spray  nozzle  F,  or  it  allows  the  oil  to  flow  through  the  pipe  G  and 
the  heating  coil  H  to  pipe  E,  The  coil  D,  before  starting,  is  heated 
by  a  spirit  Same,  S.  A  motor  driven  pump  draws  water  from  the 
supply  tank  through  the  pipe  J,  and  forces  it  by  the  pipe  K  into  a 
cylinder,  L,  of  the  regulator.  A  plan  of  the  regulator  M  is 
giyen  below  the  elevational  view.  A  piston,  N,  fits  in  the 
cylinder  L,  and  normally  is  held  in  its  inner  position  by  springs  O. 


Fig.  S22. — CoKNECTtONB   ON    AuTOUClBILB   MaNCFACTI-BINO    CoMPANV'8   STBAH    CaB. 

The  water  entering  the  cylinder  L  tends  to  force  the  piston  N  out- 
wards, and  when  the  water  pressure  is  sufficient  to  overcome  the 
springs  0  the  piston  travels  outwards,  and  in  so  doing  opens  a  bye- 
pass  valve,  P,  through  a  system  of  levers,  Q,  and  allows  water  to 
return  to  the  suction  pipe  J.  The  water  flows  from  the  cylinder  L 
into  the  boiler  by  the  pipe  R  whenever  the  pressure  in  the  boiler 
becomes  less  than  that  due  to  the  springs  0. 

Among  American  steam  cars  the  AVhit^e  car  (Fig.  623)  has 
unique  features.  It  has  a  "  semi-flash  "  boiler  (p.  72),  to  which 
the  ftiel  feed  is  regulated  automatically  by  the  steam  tempera- 
ture, and  the  water  feed  by  the  steam  pressure ;  the  car  can  run 
quite  automatically.  At  first  the  fuel  feed  is  regulated  by  hand 
from  the  driver's  seat,  it  being  reduced  automatically  only  when 
the  steam  temperature  exceeds  about  800  degrees  F.    A  thermostat 
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insures  a  supply  of  dry  superheated  steam,  and  regulates  the 
fuel  feed  to  meet  the  more  important  requirements.  The 
thermostat,  lying  across  the  burner,  is  enclosed  in  a  pipe,  through 
which  the  steam  passes  on  its  way  from  the  bottom  coil  of  the 
boiler  up  to  the  throttle  valve ;  the  burner  further  superheats  the 
steam  and  causes  the  thermostat  to  open  or  close  the  petrol 
valve. 

The  White  thermostat  is  a  steel  rod  enclosed  in  a  brass  tube, 
both  being  fixed  together  at  the  end;  the  tube  expanding  more 
than  the  rod  gives  the  latter  a  longitudinal  movement.  It  never 
quite  cuts  off  the  fuel  supply,  a  certain  amount  of  petrol  spirit 
always  passing  through  the  valve.  Steam  pressure  is  controlled 
by  a  hand  regulator.  The  feed  water  supply  force  pump  is  driven 
by  the  double-acting  two-cylinder  motor  (p.  86) ;  the  amount  en- 
tering the  boiler  depends  on  the  steam  pressure  in  the  boiler 
itself,  a  bye-pass  leading  back  to  the  suction  side  of  the  pump 
being  controlled  by  it  through  a  diaphragm  valve ;  at  a  certain 
pressure  the  bye-pass  opens  fully  and  returns  the  whole  of  the 
feed  water  to  the  supply  tank.  Below  a  certain  pressure  all  the 
water  is  delivered,  and  at  intermediate  pressures  the  quantity  is 
in  proportion  But  when  the  bye-|Ass  is  fully  open,  there  is  still 
a  good  quantity  of  water  in  the  boiler's  upper  coils,  and  steam  is 
still  generated.  In  addition,  there  is  a  hand  pump  for  injecting 
water  into  the  coils  at  any  time.  The  burner  (p.  74)  is 
another  interesting  feature.  All  exhaust  steam  from  the  motor 
is  condensed  in  a  large  front  radiator  and  pumped  back  to  the 
main  tank  ;  this  is  one  of  the  chief  advantages  of  using  a  flash 
boiler.  A  cotton-waste  chamber  removes  the  bulk  of  the  oil  from 
the  condensed  water,  and  any  small  quantity  remaining  is  of  no 
importance.  This  allows  of  a  very  low  water  consumption,  less 
than  17  1.  per  100  km.  (6gaL  per  100  miles). 

To  describe  the  White  fuel  and  water  connections  in  detail, 
A,  Fig.  624,  p.  572,  shows  the  petrol  spirit  tank  connected  with 
hand-pump  B,  and  a  motor-driven  air-pump  through  the  shut-off 
valve  C ;  B  and  C  are  within  easy  reach  of  the  driver.  The 
burner  feed  pipe  D,  containing  shut-off  cock  E,  branches  into  F 
and  G,  the  former  feeding  the  pilot  lamp  H,  and  the  latter  the 
vaporising  tube  J  through  the  thermostat  regulator  K ;  these 
parts  are  illustrated  in  detail  on  p.  73. 
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In  the  White  system  of  water  connections  shown  by  Fig,  025, 
p.  753,  A  is  the  tank  connected  to  the  supply  pipe  B  by  a 
fitting  enclosing  a  removable  strainer,  C ;  B  leads  to  a  hand 
pump,  D,  and  to  the  motor-driven  force  pump  R  When  the 
atop  valve  F  on  the  hand  pump  delivery  pipe  is  open,  water  can 
be  pumped  direct  into  the  boiler  through  connection  G,  irrespec- 
tive  of    the    automatic   diaphragm  valve    regulator  H  ;    the  stop 


Fig.  623.— Whitb  Htbam  Cau. 

valve  F  prevents  leakage.  The  force  pump  delivery  pipe  J  leads 
to  a  T-fitting  K,  through  which  the  water  passes  normally  to 
connection  G ;  between  K  and  G  is  a  check  valve  to  prevent  the 
automatic  regulator  H  affecting  the  hand  feed.  The  T-fitting  K 
screws  on  to  H.  Pipe  L  is  in  connection  with  the  live  steam 
between  the  boiler  and  the  throttle,  and  according  to  its  pressure 
on  a  diaphragm  within  H,  so  more  or  less  water  is  allowed  to 
pass  through  K,  H,  and  bye-pass  M  buck  to  N,  which  is   at   the 
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suction  side  of  the  two  pump,  D   E.     The  pressure  at  which  H 
comes  into  action  is  adjustable.    O  is  a  blow-off  cock. 

The  axles  of  the  White  car,  tied  together  by  hickory  reaches,  are 
tubular,  the  front  one  being  bowed  upwardly  to  its  centre,  the  stay 
carrying'the  live  rear  axle  being  shaped  similarly  (the  drive  is  by  a 
single  chain  from  a  sprocket  on  the  crankshaft  to  one  on  the  live 
axle  differential).  The  suspension  sprii^  are  secured  to  brackets 
fixed  to  the  bowed  tubes;  the  rear  springs  have  top  and  bottom 
rubber  blocks  to  limit  compression  on  rough  roads,  and  the  tube 
carrying  the  rear  axle  terminates  in  a  fork  at  each  end,  in  which  the 
axle  is  pivoted,  and  is  thus  self-aligning.    Two  forked,  adjustable 


distance  rods  pass  from  the  axle  to  the  motor.  For  steering,  a  tiller 
is  used. 

The  four  equal  road  wheels  are  76"2  cm.  (30  in,)  in  diameter,  and 
have  either  Goodrich  or  Clipper  tyres.  The  wheel  base  is  183  cm, 
(6  ft.).  The  boiler  and  burner  are  immediately  behind  the  seat,  the 
motor  is  under  the  seat,  the  water  tank  surrounds  the  rear  of  the 
boiler,  and  the  petrol  tank  is  below  the  footboard.  Under  the  seat 
and  to  the  rip;ht  of  the  motor  is  the  lubricating  oil  tank,  and  the 
condenser,  not  unlike  a  petrol  car  radiator,  is  carried  in  front,  as 
illustrated  in  Fig.  623. 

A  new  White  car,  nominally  10  h.p.,  cannot  outwardly  be  dis- 
tinguished from  a  petrol  car.  It  seats  four  passengers,  has  wheel 
steering,  the  two-cylinder  vertical  compound  motor  with  longitudinal 
crankshaft  is  underneath  a  front  bonnet,  which  has  a  radiator-like 
condenser,  and  the  drive  is  through  a  universally  jointed  propeller 
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shaft  to  a  live  rear  axle.  The  body  is  of  the  high-backed  tonneau 
type.  The  wheel  base  is  203*2  cm.  (6  ft.  8  in.),  the  tread  1422  cm. 
(4  ft.  8  ia),  and  the  wheels  are  the  same  as  before.  A  68  L  (15  gaL) 
water  tank  and  a  45*4  1.  (10  gal.)  petrol  spirit  tank  are  carried,  and 
the  car  in  running  order  weighs  about  three  quarters  of  a  ton. 

The  Lamplough-Albany  is  a  new  English  steam  car  that  out- 
wardly greatly  resembles  a  petrol  car;  the  honeycomb  condenser 
in  front  of  the  long,  square-ended  bonnet,  underneath  which  is  a 
semi-flash  boiler,  aids  the  resemblance.  The  motor  has  four 
single-acting  horizontal  cylinders  arranged  in   opposite   pairs,   and 


Fig.  625.— White  Steam  Car  Water  CoNNEcrioys. 

is  fixed  behind  the  boiler ;  a  central  gear  wheel  on  its  longitudinal 
crank-shaft  transmits  power  to  an  underneath  shaft  which  drives 
the  live  rear  axle  through  a  universall)'  jointed  shaft  and  bevel 
gearing.  At  a  boiler  pressure  between  21  kg.  and  28  kg.  per  cm.^ 
(300  lb.  and  400  lb.  per  sq.  ia)  the  motor  develops  24  h.p.  The 
burner  uses  either  petrol  spirit  or  paraffin.  Automatic  pumps  and 
hand  pumps  are  fitted  for  fuel  and  water  feeds,  and  the  exhaust 
steam  is  condensed  and  used  again.  Speed  is  regulated  entirely 
by  varying  the  cut-oflf  of  the  steam. 

As  regards  driving  fore-carriages,  in  studying  the  petrol,  and 
electric  vehicles  in  following  chapters,  some  driving  fore-carriages 
will  be  dascribed  and  their  advantages  pointed  out,  but  it  is  not 
thought  that  hitherto  any  steam  fore-carriages  have  been  built ;  this 
is  not  to  be  wondered  at,  because  it  seems  somewhat  difficult  to  lodge 
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a  boiler,   motor,  and  the  transmission  and  steering  gear,  all  on  a 
single  axle. 

Nevertheless,  a  fore-carriage  has  been  attempted  by  Turgan  and 
Foy,  in  whose  arrangement  the  fore-carriage  supports  a  Turgan 
boiler ;  the  horizontal  driving  shaft  has  a  bevel  pinion  which  gears 
directly  with  a  second  pinion  keyed  on  a  vertical  shaft  passing 
through  the  axis  of  a  pivot  formed  of  a  tube.  At  the  lower  part  of 
this  shaft  another  bevel  wheel  directly  gears  with  the  differential  box 
of  the  axle  upon  which  the  wheels  are  keyed,  and  to  compensate  for 
the  variations  of  distance  which,  on  account  of  the  suspension 
springs,  separate  the  frame  from  the  axle,  there  are  two  parts 
united  by  a  nipper  spring,  which  is  here  preferred  to  the  universal 
joint. 
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PETROL  AUTOMOBILE   CARRIAGES. 

The  plan  or  general  arrangement  of  a  petrol  carriage  first  must  be 
understood.  A  petrol  carriage  should  comprise  the  petrol  spirit  tank, 
the  carburetter,  the  igniting  device  with  battery  or  other  electric 
generator,  or,  if  incandescent  tubes,  with  burners  fed  by  a  small  petrol 
spirit  tank  in  which  a  suitable  pressure  is  maintained  by  aid  of  a 
hand  pump,  the  motor  with  its  distributing  and  governing  appliances 
and  sometimes  an  accelerator  to  neutralise  the  governor  when  desired, 
the  cooler,  usually  a  radiator,  pump  and  water  tank,  the  exhaust 
silencer,  the  transmission  gear,  usually  comprising  (a)  the  main 
clutch,  (6)  the  speed-change  gear,  (c)  a  differential  countershaft  and 
endless  chains  driving  the  rear  wheels  (or,  instead,  a  universally 
jointed  longitudinal  shaft  driving  a  live  rear  axle  through  bevel 
gearing),  and  a  reversing  device,  two  brakes  automatically  cutting 
off  communication  of  motor  and  transmission  gear,  one  acting  on 
the  differential  countershaft  and  the  other  on  the  driving  wheels, 
sprag  or  a  pawl  to  prevent  recoil,  two  axles,  one  driving  and  the 
other  steering,  the  main  frame,  sometimes  an  underframe,  the  body, 
and  lubricating  apparatus.  There  is  not  in  all  this  complication 
the  simplicity  of  the  steam  car,  still  less  that  of  the  electric  car ; 
but  all  petrol  vehicles  have  not  the  multiplicity  of  parts  just 
enumerated.  Voiturettes  often  have  no  reversing  gear,  and  tricycles 
and  quadricycles  are  much  more  simple  than  are  legular  cars. 

Voiturettes  comprise  vehicles  with  three  or  four  wheels,  in 
construction  resemble  a  car,  and  have  a  regular  passenger  seat. 
The  voiturette  may  not  have  suspension,  water  cooling,  or  reversing 
gear,  though  Act  5  of  the  French  Regulations  compels  automobiles 
weighing  empty  more  than  250  kg.  (550  lb.)  to  have  a  reversing 
gear.     Many  modem  voiturettes  are  ordinary  cars  in  miniature. 

Tricycles  and  quadricycles  comprise  vehicles  with  three  and  four 
wheels  similar  in  construction  to  cycles,  there  being  neither  suspension 
nor  reversing  gear,  and  the  rider's  seat  being  a  saddle.    These  vehicles 
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are  known  as  "  motor  cycles,"  which  also  may  comprise  some 
Toiturettes.  The  definition  of  motor  cycles  given  by  the  French 
regulations: — Any  vehicle  with  mechanical  traction  we^hing  less 
than  150  kg.  (330  lb.)  empty,  that  is,  without  passengers,  fuel, 
water,  and  spare  parts,  is  a  motor  cycle. 

The  Singer  motor  tricycle  (Fig.  G26)  employs  the  motor  wheels 
illustrated  in  detail  by  Fig.  803,  p.  761,  and  there  described.  The 
extreme  width  of  the  main  axle  is  89  cm.  (35  in.),  and  the  total 
weight,  as  stated  by  the  makers,  is  only  about  635  kg.  (140  lb.}, 
certainly  a  low  weight. 


Fig.  G26.— SiNOER  Pethol  JIotor  Tricycle. 

The  Ariel  motor  tricycle  is  illustrated  by  Fig.  627,  and  its  construc- 
tion may  be  understood  with  easa  A  is  the  carburetter ;  B,  battery ; 
C,  cylinder  of  2J  h.p.  motor;  D,  crank  chamber;  E,  glass  reservoir 
of  lubricating  oil ;  H,  compression  tap ;  I,  lever  to  open  com- 
pression tap ;  J,  lever  for  timing  spark ;  K,  tube  connection  between 
carburetter  and  mt^tor ;  L,  induction  coil  for  battery ;  M,  tell-tale  wire 
showing  quantity  of  petrol  spirit  in  carburetter ;  N,  lever  for  con- 
trolling supply  of  carburetted  mixture ;  O,  lever  for  regulatii^  supply 
of  air ;  P,  band  brake ;  Q.  screw,  at  whose  end  is  a  needle  valve  for 
regulating  supply  of  petrol  spirit  from  spare  tank  to  carburetter;  R, 
sparking  plug  to  explode  mixture  ;  S,  encased  gear  wheel  propelled  by 
small  driving  wheel  on  left  side  of  crank  chamber ;  T,  screw  plug  for 
filling  carburetter ;  TJ,  inlet  to  lubricating  oil  reservoir ;  V,  inlet  valve 
through  which  vapour  passes  from  carburetter  to  motor  cylinder ;  W, 
motor   combustion   chamber ;    X,  handlebar  switch ;    Y,  loose   plug 
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switch ;  and  Z,  tube  in  which  a  portion  of  the  hot  exhaust  gases 
passes  through  the  carburetter  to  warm  the  spirit  The  vertical 
section  of  motor  and  carburetter  shown  by  Fig.  628  will  serve  to 
make  the  construction  even  clearer.  In  this  figure,  A  is  the  car- 
buretter; B,  the  battery ;  C,  spare  tank;  D,  needle  valve  for  feeding 
carburetter ;  E,  tell-tale  wire ;  F,  mixing  chamber ;  G,  tube  from  car- 
buretter  to  motor ;  H,  mi.\ture  inlet  valve ;  I,  combustion  chamber ; 
J,  cylinder;  K,  piston;  L,  connecting  rod;  M,  crank;  N,  fly-wheel; 
0,  exhaust  valve,  with  cam,  P :  Q,  contact  breaker ;  R,  ignition  plug ; 


Fig.  627.  —  Akiki.  Pbthoi  Motor  Tricycle. 

S,  tube  for  warming  petrol  spirit ;  T,  silencer ;  U,  induction  coil ;  V, 
handlebar  switch ;  W,  driving  pinion  ;   and  X,  compression  tap. 

The  petrol  cars  described  in  this  chapter  are  classified  broadly 
as  fl)  those  with  vertical  and  inclined  motors  and  (2)  those  with 
horizontal  motors.  This  classification  is  adopted  because  often  tlie 
employment  of  a  horizontal  motor  necessitates  a  radical  alteration 
in  the  type  and  arrangement  of  the  transmission  gear  and  produces 
cars  of  a  distinctive  design.  Both  of  these  classes  are  subdivided 
into:  (a) cars  with  side  chain  transmissions  and  fixed  axles,  (b)  those 
with  live  rear  axles  driven  by  longitudinal  shafts  through  bevel 
gearing,  and  (c)  those  with  live  rear  axlas  dnven  by  chains  or  in 
some  other  way.  In  subdivision  (a)  of  the  first  class,  a  few  leading 
types  of  car  are  described  first  and  in  detail,  succeeding  descriptions 
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of  Other  constructions  being  more  general   or  confining  themselves 
to  special  and  characteristic  features. 

English  Daimler  ears  now  being  placed  on  the  market  are  of 
12  hp.  and  22  h.p.  There  is  but  little  difference  between  them. 
The  12-h.p.  car  is  shown  in  side  elevation,  with  the  gear  box  in 
section,  in  Fig.  029,  and  in  plan  in  Fig.  630.  The  rectangular  main 
frame  A  is  of  wood  strengthened  with  steel  flitch  plates ;  a  pair  of 


Fig.  S2S, — Sbctiom  of  AitiiL  PiTKOL  Motor. 

plates  lie  alongside  the  inner  face  of  the  two  longitudinal  members 
and  taper  from  their  centres  downwards,  both  forward  and  rearward. 
A  pair  of  cross  angle  pieces,  B,  are  arranged  in  front,  and  another 
transverse  member,  C,  ser\'e8  to  support  the  rear  end  of  the  change- 
speed  gear.  The  underframe  D,  suspended  from  the  members  B, 
carries  the  four-cylinder  motor.  The  motor  is  described  on  pp.  209 
to  211  and  the  carburetter  on  p.  119.  In  Figs.  029  and  630,  E 
represents  the  cylinders  ;  F  the  crank  chamber ;  and  G  the  combined 
fly-wheel  and  clutch  shell    The  main  clutch,  operated  by  pedal  H, 
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connects  the  motor  shaft  with  the  longitudinal  shaft  I,  leading  to 
the  first  motion  shaft  J  of  the  change-speed  gear.  Between  I  and 
J  is  a  flexible  coupling,  K,  which  allows  I  to  slide  longitudinally, 
together  with  the  male  portion,  L,  of  the  clutch ;  L  is  of  aluminium, 
with  a  friction  surface  of  leather,  a  steel  spring  fitted  between  leather 
and  metal  causing  a  more  gradual  engagement.  The  steel  is  formed 
into  a  ring  which  encircles  the  aluminium,  and  has  projecting  tongues 
each  acting  as  independent  springs.  The  large  stationary  spiral 
spring,  normally  holding  the  clutch  in  engagement,  acts  upon  fork 
^I,  which  imparts  a  sliding  motion  to  longitudinal  shaft  I,  a  ball- 
bearing taking  the  thrust  between  fork  and  shaft.  This  spring,  not 
shown  in  the  drawings,  lies  immediately  above  the  longitudinal  shaft, 
and  passes  rearward  from  the  clutch  fork ;  it  is  so  arranged  that 
when  the  hand  brake  is  operated  the  normally  fixed  end  of  the 
spring  is  forced  forward  by  a  cam,  and  the  clutch  is  thus  released. 
Application  of  the  foot  brake  withdraws  the  clutch  in  the  same 
manner  as  depressing  the  clutch  pedal,  namely,  by  a  direct  action 
upon  the  fork  M,  overcoming  the  pull  of  the  spring.  The  spring  is 
unusually  accessible,  and  its  strength  is  adjustable.  The  change- 
speed  gear  is  enclosed  in  the  casing  N,  rigid  with  transverse  casing 
O,  which  contains  the  differential  gear  and  countershaft.  The 
aluminium  casing  is  fixed  to  each  side  of  the  main  frame,  and  to 
the  cross  member  C.  The  complete  gear  box  can  be  removed,  down- 
wards, when  necessary.  The  eight  ring  lubricator  bearings  have 
oil-retaining  bases,  connected  by  pipes  with  three  feeders;  these 
feeders  each  have  gauge  glasses  to  show  the  level  of  the  oil  in  the 
bearing  bases. 

The  English  Daimler  transmission  is  by  38  mm.  (1*5  in.)  pitch 
roller  chains  from  side  sprockets  on  the  counter-shaft  P  to  each  of 
the  rear  wheels.  The  first  motion  shaft  J  lies  immediately  beneath 
the  second  motion  shaft  Q,  which  carries  a  bevel  wheel  at  its  forward 
end,  meshing  with  a  corresponding  and  larger  wheel  fixed  to  the 
diflferential  gear  drum.  The  first  motion  shaft  is  of  square  section 
inside  the  gear  box,  and  carries  sliding  spur  wheels,  R,  S,  and  T, 
which  respectively  provide  for  the  low,  intermediate,  and  top  speeds. 
Wheel  R  is  mounted  independently,  and  S  and  T  are  carried  by  a 
common  sleeve.  Each  of  these  sliding  parts  is  moved  longitudinally 
by  a  separate  rod,  there  being  one  rod  on  each  side  of  the  gear 
box.    The  second  motion  shaft  Q  carries  four  spur  wheels,  U,  V,  \V, 

LL  2 
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and  X.  At  all  times  U  is  in  mesh  with  an  intermediate  pinion, 
which  also  gears  with  the  sliding  wheel  R,  when  in  its  front  (or 
reverse)  position.  The  other  three  wheels  correspond  with  R,  S,  T. 
The  two  sliding  rods  which  bring  either  train  of  wheels  into  play 
are  connected  respectively  to  a  rocking  shaft  and  a  concentric  sleeve 
by  the  rods  Y.  The  hand  lever  Z  engages  with  one  or  other  of 
them,  according  as  to  whether  it  is  moved  sideways  into  the  slotted 
quadrant  a,  or  into  the  slot  6.  The  lever  in  its  central  position  can 
be  moved  into  either  slot,  its  " oft"  position  being  between  them. 
When  moved  away  from  the  driver,  it  slides  the  one  sleeve  rearwards, 
or  when  moved  towards  him  it  slides  it  forward.  In  the  one  slot  it 
alternately  brings  the  reverse  or  the  low  speed  into  play,  and  in  the 
other  slot  it  brings  either  the  second  or  the  third  speed  into  opera- 
tion. The  differential  gear  has  two  bevel  planet  wheels,  and  is  kept 
well  lubricated  by  a  feed  pipe  which  leads  the  oil  into  the  centre  of 
it ;  the  oil  is  unable  to  find  its  way  back  through  this  pipe  for  the 
same  reason  that  the  ink  in  a  well-known  shape  of  ink-pot  is  not 
spilt  even  when  the  pot  is  upset.  Two  distance  rods  pass  from  the 
rear  axle,  and  serve  to  tighten  the  side  chains;  they  are  held  at 
their  forward  ends  by  sockets  fitting  over  the  brackets  which  support 
the  aluminium  gear  case.  They  cannot  put  any  strain  on  the  counter- 
shaft bearings,  although  they  swing  about  the  same  centre. 

A  double-acting  band  brake  works  on  the  water-jacket  drum  c\ 
mounted  on  the  rear  end  of  the  second  motion  shaft  Q,  outside  the  gear 
case  ;  and  it  is  operated  by  pedal  d  through  connecting  rods  /.  The 
side  brakes  g  are  also  double-acting ;  the  drums  are  fixed  to  the  rear 
wheels,  and  the  operating  rods  h  are  carried  bj'^  the  ends  of  levers  i 
pivoted  at  j.  The  levers  i  are  connected  to  the  ends  of  a  horizontal 
lever,  /c,  a  swinging  coupling  at  the  centre  of  which  connects  it  with 
a  practically  parallel  lever,  I ;  this  lever  is  pivoted  at  m  on  the  near 
side  of  the  frame,  and  the  opposite  end  is  operated  by  a  bell  crank 
lever,  n,  which  in  turn  is  connected  through  an  adjustable  rod,  o,  with 
a  hand  lever,  p,  fitted  beside  the  driver's  seat  inside  the  body  of  the 
car.  By  this  arrangement,  the  pull  on  the  two  side  brakes  is  equalised 
when  the  brakes  are  applied,  for  the  lever  k  is  free  to  assume  what- 
ever angle  it  pleases  in  a  horizontal  plane  so  far  as  the  action  of  the 
hand  lever  p  upon  it  is  concerned.  Its  two  ends  being  connected  to 
the  two  brakes,  it  will  lie  at  such  an  angle  that  the  tension  on  the 
two  connecting  rods  g  is  the  same. 
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The  inclined  steering  pillar  q  carries  hand  wheel  r.  The  worm  gear 
is  in  case,  a,  and  a  projecting  arm,  t,  is  connected  to  the  irnnt  wheel 
by  rod  v.  in  much  the  usual  manner;  adjustable  ball  sockets  are 
fitted  toHhe  various  knuckle  joints. 


The  petrol  tank  at  the  rear  is  at  such  a  height  above  the  carbu- 
retter that  the  niotor  can  be  started  with  a  gravity  feed.  When 
working,  the  exhaust  gases  maintain  a  pressure  within  this  tank, 
as  also  within  the  lubricating  oil  tank.    The  petrol  tank  is  divided 
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into  two  parts,  one  holding  36  1.  (8  gal.),  and  the  other  half  that, 
and  by  means  of  a  two-way  cock  the  petrol  can  be  led  from  either 
tank  alternately.  From  the  exhaust  box  E  X,  between  countershaft 
and  rear  axle,  the  gases  pass  into  a  cross  pipe,  v,  perforated  on  its 
under  side.  The  water  tank  is  in  front,  and  the  starting  handle 
passes  through  a  tube  forming  part  of  it.  The  ribbed  aluminium 
radiator  is  immediately  above  it,  and  its  sides  are  connected  together 
by  horizontal  flanged  tubes  passing  across  the  car.  The  circulating 
pump,  of  the  centrifugal  type,  is  chain-driven  from  the  motor  crank- 
shaft ;  the  driving  sprocket  is  fixed  between  the  crank  chamber  and 
the  fly-wheel,  and  the  driven  one,  w,  is  on  the  pump  shaft,  as  the 
radiator  is  arranged  at  a  higher  level  than  the  cylinders,  and  the 
pump  is  of  the  centrifugal  type,  natural  circulation  of  the  water 
would  occur  even  if  the  pump  were  out  of  order.  The  motor  and 
other  parts  beneath  the  bonnet  are  shielded  from  the  dust  by  a  sheet 
metal  casing  underneath  them.  The  dash  with  curved  sides  is  fitted 
with  cupboards,  and  carries  the  commutator,  motor  lubricators,  and 
a  three-way  cock.  The  commutator  is  chain-driven  from  the  motor. 
The  three-way  cock  allows  water  to  be  fed  into  the  brake  drum  and 
relieves  the  pressure  on  the  fuel  and  lubrication  tanks  when  desired. 
All  four  road  wheels  are  of  the  artillery  type,  and  have  a  diameter  of 
81*3  cm.  (32  in.)  over  the  pneumatic  tyres.  The  .wheel  base  is  203  m. 
(7  ft.  6  in.);  the  gauge  is  1245  cm.  (4  ft.  1  in.);  the  weight  without 
body  is  711  kg.  to  702  kg.  (14  to  15  cwt),  and  the  car  is  geared  from 
38*6  km.  to  58  km.  (24  to  36  miles  per  hour). 

The  English  Daimler  22-h.p.  car  is  shown  in  Fig.  631.  In  general 
respects  it  resembles  the  12-h.p.  vehicle,  but  it  is  much  larger,  and 
owing  to  there  being  four  forward  speeds  provided  by  the  gear 
wheels  R,  S,  T,  and  T^  which  alternately  mesh  with  the  correspond- 
ing wheels  V,  W,  X,  and  X\  a  separate  lever  is  used  for  bringing  an 
intermediate  spur  wheel  into  play  for  giving  the  reverse.  The 
additional  reversing  lever  is  a  small  inconvenience  probably  more 
than  made  up  for  by  the  fact  that  this  wide  intermediate  reversing 
wheel  only  revolves  when  actually  in  use.  One  of  the  few  differences 
in  design  is  that  the  fork  M,  which  operates  the  main  clutch,  is 
arranged  outside  the  underframe  instead  of  being  within  it.  F  L  is  the 
petrol  tank  filler  and  S  T  the  starting  handle ;  other  letters  and  con- 
structional details  will  be  understood  from  Figs.  629  and  630.  The  four 
wheels  are  91*4  cm.  (36  in.)  in  diameter:  the  wheel  base  is  2*28  m. 
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(7  ft.  6  in.) ;  the  gauge  is  141  cm.  (4  ft.  7*5  in.)  ;  the  weight  of  the 
chassis  is  about  1,120  kg.  (22  cwt.),  and  the  cars  are  geared  to  64  km. 
or  80  km.  (40  or  50  miles)  per  hour  on  the  top  gear  with  the  motor 
running  at  normal  speed. 

Mercedes  cars  are  the 
justly  renowned  vehicles 
manufactured  by  the  Daim- 
ler Motoren  Gesellschaft, 
Cannstatt,  Germany,  to  the 
designs  of  Mr.  Mercedes. 
The  1902  cars,  as  exhibited 
at  Paris  in  December,  1902, 
were  of  28  and  40-h.p.  re- 
spectively, but  the  1903 
cars  apparently  are  stand- 
ardised in  the  two  sizes, 
18-25  h.p.  and  60-h.p.,  and 
these,  except'  for  detail  dif- 
ferences and  dimensions,  are 
alike.  A  general  view  of 
the  chassis  of  the  18-25  h.p. 
car  is  given  by  the  repro- 
duced photograph,  Fig.  632. 
The  motor  is  four-cylinder 
and  of  advanced  design,  full 
particulars  of  it  being  given 
on  p.  212.  The  carburetter 
has  a  butterfly  throttle 
valve.  The  honeycomb 
combined  radiator  and  tank 
(p.  198)  is  a  speciality  of 
Mercedes  cars ;  in  this  car 
the  radiator  has  5,000  tubes, 
the  space  between  them 
being  only  25 mm.  (009  in.), 
and  the  capacity  being  11  L  (2*42  gal.).  The  frame  is  of  stamped 
steel,  differing  considerably  from  previous  constructions.  The  main 
clutch  is  of  the  new  expanding  type,  its  construction  being  illus- 
trated and  described  on  p.  373.     The  change-speed  gear  is  a  new 
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design  of  the  spur-wheel  type,  and  is  described"  in  detail  on  p.  389  ;  it 
may,  however,  be  mentioned  that  the  gear  box  employs  ball  bearings 
throughout,  and  that  quite  recently  the  design  has  been  again 
changed,  and  a  cam  plate  is  not  now  used  to  bring  the  different  gears 
into  engagement,  except  on  a  90-h.p.  racing  machine.  The  counter- 
shaft sprocket  wheels  which  chain-drive  the  rear  road  wheels,  have  no 
spokes  between  hub  and  rim,  there  being  a  continuous  web  instead. 

The  change-speed  lever  in  previous  Mercedes  models  was  moved 
forward  or  backward  to  one  of  two  alternative  positions  only  in 
alternative  slots,  being  free  to  move  sideways  when  in  a  vertical 
position  ;  this  system  was  replaced  by  the  more  popular  one  in  w^hich 
the  lever  is  moved  progressively  forward  and  backward  over  a  single 
quadrant  for  all  the  four  forward  speeds  and  reverse.  But  this  again 
has  been  abandoned  and  a  modification  of  the  earlier  system  has  been 
adopted.  The  quadrant  now  has  four  slots,  and  is  so  shaped  that  the 
lever  cannot  be  moved  into  the  reverse  slot  until  a  catch  engaging 
with  the  quadrant  has  been  raised  by  depressing  a  push  rod  ;  this 
catch,  however,  is  not  raised  for  changing  from  one  forward,  speed  to 
another,  and  so  long  as  it  remains  in  its  normal  position,  the  reverse 
cannot  be  brought  into  use.  The  countershaft  brake  is  water-cooled, 
and  one  of  the  levers  connecting  it  with  the  operating  pedal  auto- 
matically opens  a  valve  through  which  the  water  passes  into  the  brake 
drum  when  the  pedal  is  depressed,  a  cock  on  the  dash  controlling  the 
water  feed  to  the  valve  and  drum.  The  rear  wheel  brakes  of  the 
internal  type  are  exceptionally  powerful,  and  are  applied  by  means  of 
wire  ropea  Radius  rods  connecting  the  frame  with  the  back  axle 
are  of  I  section,  and  are  very  strong.  The  axles  are  of  T  section,  not 
round  as  in  previous  cars.  The  tyres  are  Continental  Clipper, 
the  front  ones  being  910  mm.  by  90  mm.  (35-8  in.  by  3*5  ia),  and  the 
back  one  920  mm.  by  120  mm.  (362  in.  by  474  in.).  The  wheel 
base  is  233  cm.  (91*7  in.).  The  smaller  car  has  been  stated  to  weigh 
with  a  touring  body  from  750  to  800  kg.  (1,650  lb.  to  1,760  lb.)  the 
chassis  alone  weighing  610  kg.  (1,345  lb.),  the  top  speed  being  about 
70  km.  (43*5  miles)  per  hour  ;  but  a  car  of  this  type  used  by  Mr. 
Mercedes  at  Nice,  early  in  1903,  weighed  without  water  and  petrol 
1,040  kg.  (nearly  2,300  lb.). 

The  elements  of  the  Panhard  and  Levassor  car  have  already  been 
described  and  illustrated  in  detail,  and  nothing  remains  but  to  sum 
up  its  features,  and  to  give  a  general  idea  as  to  the  design  and 
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construction  of  the  car.  It  is  in  many  features  typical  of  modem 
practice,  owing  to  its  having  served  as  ft  model  for  English  and 
Continental  makers.  The  higher-powered  care  (Fig,  633)  conform  to 
the  following  description.  A  straight  wooden  frame,  reinforced  with 
steel,  carries  the  Centaure  four-cylinder  motor  (p.  213)  in  front:  this 
has  generally  both  tube  and  electric  ignition,  and  a  dynamo,  driven 
from  the  motor  flywheel,  may  supply  the  current.  The  Krebs  now 
carburetter  employed  is  described  on  pp.  141  to  144.     The  water 
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circulation  is  effected  by  a  rotar}'  pump,  and  cooling  is  by  means  of  a 
gilled  radiator.  A  clutch  <p.  370)  connects  the  motor  with  the  change- 
speed  gear  {p.  386),  which  gives  four  forward  speeds  and  a  reverse,  all 
operated  by  one  lever,  and  the  transmission  is  by  the  well-known 
Fanhard  side  chain  system.  Steering  is  irreversible  (p.  442),  and 
there  is  a  double-acting  countershaft  brake  and  two  side  ones.  The 
lubricator  is  of  the  DubruUe  make.  Panhard  cars  are  made  in  all  the 
known  types,  but  the  four  standard  designs  for  ordinary  use  at 
present  are  7-hp.,  10-h.p.,  15-h.p.  tourist  car,  and  1.5-h.p.  light  car. 
The  first  has,  as  its  distinguishing  features,  a  two-cylinder  motor  with 
tube  ignition,  and  a  gear  giving  three  forwani  speeds  and  a  reverse. 
The  three  others  conform  to  the  description  given  above. 
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The  Napier  is  probably  at  present  the  best  known  all-British 
car,  and  much  of  its  popularity  dates  from  the  Gordon-Bennett 
race  of  1902,  which  was  won  in  very  good  time  by  a  car  of  this 
make,  driven  by  Mr.  S.  F.  Edge  (see  p.  788).  There  are  five 
principal  sizes :  a  nominal  9-h.p.  two-cylinder,  giving  actually 
12-h.p.,  12  and  10-h.p.  four-cylinder,  giving  respectively  15  and 
2   -h.p.,  and  a  20  and  40-h.p.  four-<!ylinder,  braking  yp  to  38 


and  65-h.p.  respectively.  The  nominal  12 -h.p.  (15  brake-h.p.> 
is  selected  as  the  type  for  description  here,  this  being  identical 
except  in  power  to  the  16-h,p.  (24  brake -h.p.)  ear,  shoivn  by 
Fig.  634.  A  side  elevation  of  the  chassis  is  illustrated  by  F^.  635, 
whilst  Fig.  636  is  a  view  of  the  chassis  taken  from  above  and  in 
front.  The  letters  refer  to  Figs.  636  and  636.  The  four-cylinder 
motor  has  two  pairs  of  cylinders,  each  pair  being  in  one  piece  with 
its  heads  and  jackets.  Its  four-throw  crank  is  machined  from  a 
solid  forging.  The  crank  chamber  is  in  two  pieces,  divided 
horizontally  through    the    main    bearings,  and    the    cam  shaft  is 
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carried  inside  the  upper  portion.  The  spur  wheels  driving  the 
cam  shaft  are  encased  at  the  hont  end  of  the  crank  chamber,  and 
all  these  parts  run  in  an  oil  bath.  The  supply  pipe  A  from  the 
spray  carburetter  B  branches  to  each  pair  of  cylinders ;  the  casting 
0,  which  serves  the  double  purpose  of  holding  the  inlet  valves  in 
place  on  each  pair  of  cylinders  and  of  conducting  the  explosive 
mixture  to  them,  can  be  removed  by  taking  off  one  nut  and  by 
slackening  two  others ;  the  last-named  holds  the  flange  coupling, 
which  joins  the  induction  pipe  A  to  the  casting  C.     Thus  the 


valves  are  removable  Qasily,  and  the  forked  supply  pipe  A  need 
not  be  removed  to  inspect  them.  The  centrifugal  force  governor 
is  mounted  on  a  separate  shaft,  and  is  driven  by  a  chun  ;  the  same 
chain  drives  the  fan  behind  the  Albany  radiator  D,  and  is  itself 
driven  from  a  sprocket  on  the  front  end  of  the  cam  shaft,  the 
chain  taking  a  triangular  course  and  running  over  three  sprockets. 

The  governor  has  weak  springs,  and  acts  upon  a  piston  throttle 
valve  forming  n  part  of  the  carburetter  ;  normally,  the  governor 
causes  a  very  low  speed,  but  by  means  of  an  accelerator  pedal  the 
throttle  valve  can  be  opened  as  desired  independently  of  the  governor, 
fin  a  particular  car,  there  were  for  each  pair  of  cylinders  additional 
throttle  valves  in   the  castings  C,  interconnected  by  a  rod  hand. 
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operated  from  the  dash-board).  Separate  exhaust  pipes,  E,  are 
taken  from  each  cylinder  to  a  first  exhaust  box,  X,  at  the  side 
of  the  motor,  and  thence  the  gases  pass  through  pipe  Y  to  the 
exhaust  box  proper,  Z,  lying  beneath  tho  frame  at  the  rear,  this 
system  Iteing  most  effectual  in  silencing  the  noise.  For  suppl^nng 
the  carburetter  B  with  warm  air,  the  two  inner  exhaust  pipes  E 
have  enveloping  pipes  or  sockets,  F,  of  much  larger  diameter,  and 
the  air  contained  in  the  space  between  the  outer  surface  of  the 
exhaust  pipes  and  the  inner  surface  of  the  enveloping  pipes  becomes 


warmed,  and  is  conducted  through  a  horizontal  T-tube,  G,  to  the  other 
side  of  the  motor  to  the  carburetter  R  Current  for  the  ignition 
plugs  H  is  supplied  by  accumulator  and  quadruple  coil,  the 
commutator  on  the  dash  being  driven  by  the  motor  through  chain  J. 
R  shows  the  timing  rod,  and  L  the  toothed  quadrant  on  it,  whilst  SI  is 
the  quadrant  on  the  commutator.  A  DubniUe  lubricator,  \,  on  the 
dash  is  driven  by  the  chain  0.  The  flywheel  drives  a  rotary  water 
pump,  the  water  tank  holding  a  supply  for  about  320  km.  (200  miles). 
With  regard  to  the  water  connections,  P  is  the  pipe  connecting  the 
two  jackets,  Q  the  connection  from  top  of  rear  jacket  to  the  radiator, 
and  R  the  pipe  from  the  radiator,  whose  form  is  clearly  illustrated,  to 
the  bottom  of  the  front  jacket.  The  description  of  the  motor  is  now 
sufficiently  complete. 
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The  main  frame  of  the  Napier  car  is  either  of  wood  stifTened  with 
steel,  OF  is  constructed  entirely  of  channol  steel,  the  motor  being 


Fig.  630. — Fao\T  Visw,  takbn  fbou  ahdve,  of  Napieb  Cuabsir. 

carried  on  nn  underframe.     The  suspension  springs  are  long  and 
semi-elliptic.     The  transmissioa  is  on  genoriit  lines,  a  strong  cone 
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leather-lined  clutch  driving  the  change-speed  gear,  and  sprockets  on 
the  ends  of  the  countershaft  chain-driving  the  rear  wheels.  In  the 
gear  box  the  two  shafts  are  practically  in  the  same  horizontal  plane, 
the  second-motion  shaft  beings  however,  slightly  higher.  The  first- 
motion  shaft  is  of  square  section,  and  on  it  is  a  sleeve  of  the  same 
section  carrying  the  fixed  gear  wheels  ;  the  shaft  slides  through  the 
sleeve.  The  sliding  spur-wheels  are  mounted  on  the  second-motion 
shaft,  and  this  drives  the  countershaft  differential  by  means  of  large 
bevel  gearing.  Four  forward  speeds  and  a  reverse  are  provided,  and 
the  aluminium  gear  box  is  oil  tight  and  is  fitted  with  a  sliding  door. 
The  design  of  the  change-speed  gear  enables  the  centre  of  gravity  to  be 
kept  very  low,  and  the  flow  is  lower  than  usual.  A  water-cooled 
brake  on  the  countershaft  differential  is  actuated  by  a  pedal,  a  side 
lever  operating  the  side  brakes ;  all  the  brakes  act  in  either  direction, 
and  application  of  any  one  of  them  withdraws  the  clutch.  A  double- 
^nded  sprag  manipulated  from  the  driver's  seat  is  an  additional 
precaution  against  running  backwards  down  hills. 

The  Motor  Manufacturing  Company's  cars  (Fig.  637)  are  in  five 
standard  sizes  : — 8-h.p.,  one-cylinder  ;  7-h.p.,  two-cylinder  ;  10-h.p., 
two-cylinder;  12-h.p.,  four-cylinder;  and  20 -h. p.,  four-cylinder; 
typical  cars  being  the  8-h.p.,  10-h.p.  and  20-h.p.  The  8-h.p.  light 
car  or  voiturette  has  a  tubular  frame,  and  the  vertical  motor,  which 
runs  at  1,250  revolutions  per  minute,  has  its  flywheels  forming  part  of 
the  enclosed,  built-up  crank-shaft;  the  bore  is  100  mm.  (3'93  in.)  and 
the  piston  stroke  130  mm.  (512  in.),  and  there  is  a  special  throttle  on 
the  inlet  valve.  Transmission  is  by  side  chains.  The  10  and  20-h.p. 
cars  have  ash  frames  stiffened  with  flitch  plates,  the  motor  resting 
upon  the  side  members  and  the  gear-box  being  secured  by  angle-iron 
supports  and  brackets.  The  10-h.p.  and  20-h.p.  motors  are  identical 
except  in  number  of  cylinders  and  size  of  crank  chamber,  bore  and 
stroke  being  the  same  as  in  the  8-h.p.  car.  Near  the  inlet  valves  on 
one  side  are  tubes  for  lamp  ignition,  and  near  the  exhaust  valves  on 
the  other  side  are  plugs  for  electric  ignition.  The  shaft  carrying  the 
exhaust  cams  is  enclosed  and  is  driven  by  spur  gearing  through  an 
intermediate  wheel  from  the  front  end  of  the  crank -shaft.  A  centri- 
fugal  force  governor  diminishes  the  mtake  of  mixture.  The  throttle 
valves  admit  cold  air  to  the  cylinders  when  the  supply  of  mixture  is 
cut  oflF  entirely,  the  object  being  to  cool  the  cylinders.  Water  is  cir- 
culated through  cylinder  jackets  and  front  radiator  by  a  centrifugal 
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pump  driven  by  a  friction  pulley  pressing  against  the  flywheel.  In 
the  20-h.p.  car,  the  water  pipe  leading  from  the  top  of  the  jacket  is  a 
single  aluminium  fitting.  The  petrol  tank  is  beneath  the  front  seat 
and  supplies  by  gravity  the  float-feed  carburetter.  All  M.  M.  C.  cars 
have  the  side  chain  transmission,  and  their  distinctive  feature  is  the 
change-speed  gear  (Men's  design)  typified  by  the  arrangement  illus- 
trated in  horizontal,  longitudinal  and  vertical  cross  sections  by 
Figs.  (138  and  639  respectively.  All  the  shafts,  wheels-and  sleeves  are 
steel  drop-forgings.     The  lirst  and  second  motion  shafts  are  shown  by 


Fig.  637.— JloTUR  MANUFACTUBmo  Co.'g  Cab. 

A  and  B.  A  carries  on  a  square  part  of  its  forward  end  (not  shown) 
a  clutch  eone,  and  it  is  rigid  with  the  spur  wheels  C  (14  teeth), 
D  (24  teeth),  and  E  (34  teeth),  which  always  are  in  mesh  with  corre- 
sponding wheels,  F  (60  teeth),  G  (50  teeth),  and  H  (40  teeth),  revolv- 
ing freely  on  shaft  B.  In  the  type  of  gear  employed  in  the  10  and 
20-h.p.  cars  and  here  illustrated,  the  spur  wheel  J  (50  teeth)  always 
engages  with  an  intermediate  wheel,  K,  which  in  turn  meshes  with 
wheel  C.  In  the  gear  used  on  the  light  car,  however,  the  wheel  J  is 
rigid  with  sleeve  L,  and  consequently  with  bevel  wheel  SI ;  and  the 
intermediate  spur  wheel  K  is  brought  in  and  out  of  mesh  with  C  and 
J  by  an  eccentric  only  when  required.  The  spur  wheels  F,  G,  and  H 
revolve  freely  and  form  bearing  surfaces  for  each  other.     The  shaft  B 
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slides  through  the  hubs  of  the  spur  wheels,  but  projections  N  on  the 
shaft  can  be  made  to  engage  with  corresponding  projections  in  the 
hubs.  Sleeve  L  has  internal  slots  to  receive  shaft  B  and  its  rear 
projections  0,  so  that  the  shaft  can  slide  freely  in  the  sleeve  and  jet 
at  all  times  transmit  rotary  motion  to  it.  Thus  shaft  A  can  drive  bevel 
wheel  M  through  any  one  of  the  trains  at  will  by  sliding  the  shaft  E; 
M  gears  with  P  and  so  drives  the  countershaft,  on  whose  outer  ends  are 
the  driving  sprockets.  In  the  light  car  form  of  gear  already  alluded 
to,  the  shell  of  the  spur  wheel  type  differential  tbrms  a  brake  drum 
outside  the  bevel  gear  casing,  and  a  separate  lever  brings  the  reverse 


Figs.  638  and  639.— UoMH  MAKi*FACTi-aiNo  Co.'b  CKAxoB-aPEan  Grah. 

into  operation.  In  the  10  and  20-h.p.  cars,  the  bevel  wheel  type 
differential  Q  is  enclosed  in  the  gear  case,  and  a  sleeve  connects  the 
brake  drum  R  with  it.  The  two  half  shafts  S  and  T  carry  the  outside 
sprockets  at  their  ends.  Only  one  lever  operates  both  the  three 
forward  and  the  one  reverse  speeds.  On  applying  the  countershaft 
brake  by  pedal  or  the  driving-wheel  hub  brakes  by  side  lever,  the 
main  clutch  is  disengf^ed. 

The  Maudslay  car  is  a  new  type  of  English  car,  whose  chief 
characteristics  are  accessibility,  thorough  lubrication,  and  a  roomy  and 
comfortable  body,  the  last-named  feature  being  clearly  illustrated 
by  Fig.  640,  which  is  a  view  of  the  Maudslay  convertible  omnibuK. 
Mmn  frame  and  underframe  are  of  aah-fiUed,  rectangular,  solid-drawn 
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steel  tubing  ■14'4  mm.  by  50S  mm.  (175  in.  by  2  in),  and  the  under- 
frame  passes  from  the  front  cross  piece  to  the  cross  member  just 
behind  the  side  sprockets.  Tubular  stays  and  side  brackets  give 
rigidity  to  the  underframe  and  connect  it  to  the  main  frame,  they 
also  serving  as  tie-bars  and  preventing  the  frame  from  twisting.  The 
three-cylinder  motor  (described  in  detail  on  p.  258)  with  the  clutch 
and  change-speed  gear  is  fixed  on  the  underframe,  the  differential 
countershaft  lies  crosswise,  and  its  ends  are  connected  by  flexible 


couplings  to  the  side  sprockets,  from  which  the  rear  wheels  are  .chain- 
driven  ;  there  are  the  usual  adjustable  distance  rods.  Semi-elliptic 
side  springs  are  fixed  to  the  front  and  rear  axles.  One  lever  operates 
the  chai^e-speed  gear,  and  another  the  side  brakes,  these  latter  being 
connected  by  a  cross  shaft,  but  not  compensated.  Two  pedals  operate 
the  main  clutch  and  countershaft  brake  respectively ;  application  of 
either  the  side  or  countershaft  brakes  withdraws  the  main  clutch. 
The  worm  and  segment  steering  gear  is  irreversible,  and  the  steering 
heads  for  the  front  wheels  are  supported  both  above  and  below  by  the 
forked  ends  of  the  axle.     Small  hand  levers,  regulating  the  motor 

M  M 
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speed  by  acting  upon  throttle  valve  and  commutator,  are  mounted 
horizontally  above  the  hand  steering  wheel,  the  one  moving  above 
and  the  other  beneath  a  toothed  quadrant.  There  are  gear-driven 
lubricating  and  water  circulating  pumps  in  front ;  and  a  chain-driven 
fan  is  behind  the  tank  radiator.  The  exhaust  box  is  placed  just 
behind  the  rear  axle. 

The  Maudslay  transmission  and  change-speed  gear  may  be  treated 
in  greater  detail.  The  flywheel  has  a  metal  disc  which  conceals  the 
conical  clutch  surface  formed  inside,  and  enables  it  to  be  partly  filled 
with  water  so  as  to  keep  the  flywheel  cool  when  making  the  brake 
horse-power  tests  of  the  motor.  The  well-designed  clutch  is  large, 
and  normally  is  held  in  engagement  by  an  external  spring ;  when  held 
out  of  engagement  a  ball  bearing  takes  the  thrust.  The  portion 
surrounded  by  a  spring  forms  part  of  a  flexible  coupling  for  a  short 
shaft  which  connects  the  clutch  through  a  universal  joint,  X,  Fig.  641, 
with  the  first-motion  shaft  A  of  the  change-speed  gear  shown 
in  longitudinal  and  cross  section  by  Figs.  641  and  642.  The  first- 
motion  shaft  beneath  the  second-motion  shaft  B,  carries  on  a 
squared  portion  two  pairs  of  sliding  spur-wheels,  C  D  and  E  F,  and 
these  gear  respectively  with  fixed  wheels,  G  H  and  J  K,  on  the 
other  shaft  B,  the  largest  of  the  second  set  G  being  close  to  the  bevel 
wheel  L,  which  drives  the  differential  gear  M.  The  shafts  revolve  in 
solid  brass  bushes,  which,  however,  can  be  replaced  by  roller  bearings. 
The  sliding  wheels  on  shaft  A  are  brought  into  engagement  as 
required  by  means  of  the  grooved  cam  plate  N,  shown  in  section  by 
Fig.  642,  and  partly  in  solid  and  partly  in  dotted  lines  in  Fig.  641 ;  this 
cam  plate  is  caused  to  revolve  by  means  of  a  toothed  quadrant  0 
engaging  with  the  spur-wheel  P  on  the  cam-plate  shaft.  The  quadrant 
is  carried  on  a  fulcrum  pin  .in  the#  cover  of  the  gear  box,  and  is 
connected  with  the  change-speed  levQr,  which  when  moved  backwards 
or  forwards  causes  thie  cam  plate  to  rotate.  In  connection  with  two 
sliding  forks  which  niove  the  sliding  wheels  in  and  out  of  mesh  for 
the  four  forward  speeds,  there  are  two  rollers  which  ride  in  the  grooved 
passages  in  the  face  of  the  cam,  and  thus  receive  a  sliding  movement ; 
these  rollers  and  the  two  forks  are  fixed  to  guide  pieces  which  slide  on 
a  bar,  which  itself  is  also  capable  of  sliding  longitudinally  when  caused 
to  do  so  by  a  third  roller  to  which  it  is  directly  fixed.  The  sliding 
movement  given  to  the  first  two  rollers  mentioned  is  transmitted  to 
the  forks,  and  these  bring   the  different  sets  of  spur  wheels  into 


PETROL   AUTOMOBILE    OABBIAQES.  595 

er^agement.  When  the  sliding  bar  itself  moves,  a  third  fork  slides  an 
intermediate  spur  wheel  Q  into  mesh  with  fixed  wheel  C  on  the  first- 
motion  shaft  and  with  the  large  gear  wheel  G  od  the  second-motion 
shaft.  Normally,  Q  is  not  in  mesh  with  any  wheel.  The  change- 
speed  lever  quadrant,  shown  in  the  general  view,  Fig.  640,  is  not 
notched,  but  is  marked  to  indicate  its  various  positions  ;  the  small 
catch-lever  on  the  change-speed  lever  is  comiected  by  a  Bowden  wire 
with  a  sliding  stop  passing  through  the  wall  R  .of  the  gear  box  and 
engaging  with  lai^e  holes  drilled  in  the  periphery  of  the  cam  plate  N, 
or  the  holes  may  be  drilled  in  the  steel  back  plate  S  of  the  plate.  The 
stop  holds  the   cam   plate   in   either   of  its  working  positions,  and 
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ensures  that  the  gear  wheels  are  properly  in  mesh  with  one  another. 
The  differential  countershaft  T  has  a  large  hollow  brake  drum 
between  its  driven  bevel  wheel  and  outer  jaw  coupling,  and  there  is 
provision  for  filling  it  with  water  and  so  preventing  it  getting  too  hot. 
The  dift'erential  gear  has  four  planetary  bevel  wheels,  as  shown.  A 
small  pump  on  the  rear  end  of  the  first-motion  shaft  circulates  oil 
round  the  gear-box  bearings. 

The  Brooke  is  a  British  car,  thoroughly  well  built  and  designed  on 
independent  lines.  Its  special  features  are  a  three-cylinder  vortical 
motor  (described  on  p.  254)  placed  transversely  across  the  frame, 
a  special  method  of  governing  the  motor  by  means  of  tlio  pressure  of 
the  exhaust  gas  (see  p.  250),  the  substitution  of  chains  and  sprockets 
for  spur  gearing  (described  on  p.  3i)(i),  and  the  method  of  equalising 
the  pull  upon  the  side  brakes  (see  p.  491}.  Against  the  advanti^ 
of  avoiding  sliding  spur  wheels  there  are  the  possible  disadvant^es 
MU  2 
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of  chaias  stretching,  of  the  jaw  clutches  einploj'ed  beii^i:  less  durable 
than  spur-wheel  teeth,  and  the  friction  of  idle  but  running  chains 
and  chain  wheels.  Figs.  643  and  644  give  side  elevation  and 
plan  of  a  typical  10-h.p.  car.  The  rectangular  channel  steel 
framework  A  has  cross- members,  B;   in  cross-section  it  is  51  mm. 


Figs.  643  and  641.— Elevation  and  FlA-x  of  Bbooki  Cak. 


(2  in.)  square,  and  it  is  filled  with  ash,  the  actual  thickness  of  the 
metal  being  only  317  mm.  (-125  in.).  C  shows  the  three-cylinder 
motor,  and  between  its  fly-wheel  D  and  the  chain  wheel  K  is  a 
leather-lined  clutch,  having  a  ball  thrust  and  operated  by  a  pedal. 
A  Renolds  chain  pa.sses  from  E  to  the  other  chain  wheel  F,  which 
drives  the  hrst-motion  shaft  of  the  change-speed  gear  G  (described 
on  p.  396),  H  is  the  differential  countershaft  which  by  sprockets,  J, 
chain-drives  sprockets,  K,  on  the  rear  wheels,    L  is  the  toothed 
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wheel  worked  by  the  controlling  quadrant.  There  is  a  water-jacketed 
band-brake  drum,  M,  outside  the  gear  case.  In  the  tank  N,  carried 
under  the  body,  petrol  spirit  is  kept  under  a  slight  air  pressure, 
which  is  maintained  by  the  work  done  by  the  driver's  foot  upon 
the  accelerator  pedal.  Of  two  other  pedab,  one  operates  a  rocking 
ehaft  controlling  the  main  clutch,  and  an  ingenious  brake  on  the 
outside  sprocket  wheel  on  the  first-motion  shaft,  whilst  the  other 
works  brake  M  and  also  operates  the  main  clutch.  The  exhaust 
box  0,  imderneath  at  the  rear,  is  made  of  sheet  iron,  with  aluminium 
ends,  and  contains  perforated  bafiie  plates;  from  it  passes  a  pipe, 
P,  containing  perforations.  On  the  motor  exhaust  pipe  is  a  valve 
{see  p.  204)  opened  at  will  by  the  driver  to  relieve  back  pressure  if  it 
occurs  to  any  great  extent,  and  to  listen  to  the  exhaust  and  thus 
ascertain  how  the  motor  is  working.  The  steering  wheel  Q  forms  a 
basin  in  which  the  driver  can  place  small  articles.  The  water 
circulation  is  natural.  The  radiator  has  cast  aluminium  upper  and 
lower  headers,  R  S,  joined  by  Clarkson  tubes,  T,  which  merely  slip 
into  sockets  and  are  tightened  with  rubber  rings ;  in  practice  leaks 
do  not  occur,  and  the  method  prevents  the  vibration  from  fracturing 
the  tubes.  A  double  pipe,  U,  passes  through  the  aluminium  top 
plate  from  the  motor.  The  upper  headers  R  are  also  connected  by 
tube  V,  carrying  a  central  spiral  fitting,  W,  acting  as  the  filler  to  the 
water  system  from  above,  and  providing  a  vent  to  a  drain  pipe 
beneath ;  9  L  (2  gal.)  of  water  is  carried.  There  are  band  brakes  on 
the  side  drums  X.  On  the  dashboard  is  a  multiple  feed  lubricator, 
consisting  of  a  box  divided  into  eight  compartments,  each  having  a 
gauge  glass  to  show  the  level  of  the  oil  within,  and  from  each  of 
which  there  is  a  separate  adjustable  pipe  feed;  the  box  is  filled 
through  but  one  opening.  The  four  91*4  cm.  (36  in.)  artillery  road 
wheels  have  Continental  or  Michelin  tyres.  The  chassis  weighs  only 
762  kg.  (15  cwt.),  and  the  usual  body  is  of  the  tonneau  type,  the  dash 
having  cupboards,  Y,  for  batteries  and  tools. 

The  Brooke  new  14-h.p.  car  has  a  three-cylinder  motor,  with 
mechanically  operated  inlet  valves,  fixed  longitudinally  beneath  the 
bonnet;  and  instead  of  a  governor  operated  by  the  pressure  of  the 
exhaust  there  is  a  combined  governor  and  carburetter  which  controls 
the  motor  speed  by  the  piston  suction.  The  principle  of  the 
appliance  is  based  upon  the  fact  that  the  pressure  in  a  carburetter 
mixing  chamber  is  less  than  that  of  the  atmosphere  when  the  motor 
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is  working,  and  that  the  degree  of  vacuum  produced  varies  with  the 
speed  of  the  motor.  A  multitubular  radiator  in  front  has  a  fan 
behind  it.  The  weight  is  762  kg.  (15  cwt.)  and  the  speed  may  exceed 
724  km.  (46  miles)  per  hour.  The  wheel  base  is  2*29  m.  (7  ft  6  in.),, 
the  track  143'5  cm.  (4  ft.  8*5  in.),  and  the  Dunlop-tyred  wheels  are 
76  cm.  (30  in.)  in  diameter.  The  frame  is  of  wood,  but  in  future  will 
be  of  stamped  steel. 

Ader  cars  are  of  8,  12,  and  16-18-h.p.,  the  last-named  having  a 
four-cylinder  motor  and  the  others  a  two-cylinder.  Ader  motors  are 
dealt  with  on  p.  271.  The  Ader  car  is  one  of  the  few  that  now  use  a 
surface  carburetter ;  between  it  and  the  induction  valves  is  a  throttle 
valve  regulated  by  the  governor.  The  frame  is  tubular,  there  is  no 
underframe,  and  the  gear  box  is  supported  at  the  back  by  the 
countershaft  and  is  secured  in  front  by  a  swinging  link  to  the  frame- 
A  side  lever  whose  shaft  passes  direct  into  the  gear  box  operates  all 
the  four  forward  speeds,  and  there  is  a  separate  lever  for  the  reverse. 
The  drive  is  by  means  of  countershafts  and  side  chains.  The  Ader 
clutch  and  change-speed  gear  are  described  on  pp.  371  and  394. 

Beaufort  cars  may  be  noted.  The  new  models  are  8,  9,  10, 14, 
and  20-h.p.  respectively.  All  have  channel  steel  main  frames^ 
artillery  wheels,  vertical  motors,  and  magneto  ignition;  and  all  of 
them,  the  8-h.p.  excepted,  have  water  circulation  pumps  driven  by 
gearing  running  in  an  oil  bath ;  the  exception  has  the  thermo-syphon 
circulation.  The  8  and  9-h.p.  motors  are  single-cylinder,  the  10 
and  14-h.p.  are  twin-cylinder,  and  the  20-h.p.  is  four-cylinder,  and 
all  have  mechanically  operated  inlet  valves  with  the  exception  of 
the  8-h.p.  motor.  The  20-h.p.  car  has  the  Simplex  variable  speed 
gear,  and  the  transmission  is  by  countershaft  and  side  chains ;  all 
the  others  have  spur-wheel  change-speed  gear  and  transmission  by 
longitudinal  shaft  and  live  rear  axle.  The  8-h.p.  car  and  the  9-h.p. 
phaeton  have  two  forward  speeds;  the  9-h.p.  tonneau  and  the  10 
and  14-h.p.  cars  have  three  forward  speeds,  and,  of  course,  all  have 
a  reverse.  A  special  form  of  radiator  used  on  the  higher-powered 
cars  has  three  or  four  hundred  plain  copper  vertical  tubes  arranged 
in  eleven  rows  forming  a  rectangle  in  plan,  the  tubes  connecting- 
top  and  bottom  reservoirs. 

The  Belle  voiturette  or  light  runabout  car  is  of  Swiss  manufacture. 
A  dropped  frame  fixed  to  the  main  frame  carries  the  motor.  The 
8-h.p.  vehicle  has  a  tonneau  body,   and  its  single-cylinder  motor  is 
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in  the  dif^ram  of  electrical  connections,  shown  by  Fig.  646,  A  is 
the  accumulator,  B  the  coil,  C  the  commutator,  D  the  ignition 
plugs,  E  the  connections  to  irame,  and  F  the  switch.  The  main 
frame  is  of  wood,  stiiFened  with  steel  plates.  The  Panhard  type 
sliding  change-speed  gear  is  controlled  by  one  lever  for  both  forward 
and  reverse.  The  drive  is  by  side  chains  from  the  diflFerential 
countershaft.  Brakes  are  double-acting,  axles  are  Lemoine  or  Bail- 
Pozzy,  and  there   are  four  equal  artillery   wheels  with  pneumatic 


Fig.  646. — Bbush  Electric  Ignition  Ststbic. 


tyres.    On  the  steering  column  are  two  levers,  one  regulating  igni- 
tion and  the  other  operating  the  throttle  on  the  induction  pipe. 

The  Canterbury  12-h.p.  car  has  a  wood  and  flitch  frame  and 
an  angle  steel  underframe,  the  latter  carrying  the  two-cylinder 
Astor  motor  and  gear  box  with  ball  bearings.  The  diflerential  gear 
on  the  countershaft  is  outside  the  gear  box,  and  transmission  is  by 
side  chains ;  the  driving  sprockets  are  rings  with  four  arms 
registering  over  the  fixed  hubs,  and  each  held  in  place  by  four 
bolts,  and  so  can  be  removed  without  interfering  with  the  hubs. 
The  reverse  of  usual  practice,  the  side  brakes  are  operated  by 
pedal,  and  the  countershaft  brake  by  side  lever,  a  similar  arrange- 
ment being  found  in  the  Phoenix  12-h.p.  live  rear  axle  car,  which 
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has  a  two-cylinder  motor,  and  gives  three  forward  speeds  and  a 
reverse. 

The  Charron,  Girardot  and  Voigt  20-h.p.  car  with  four-cylinder 
motor  has  a  main  frame  of  square-section  tubing  filled  with  ash, 
supported  on  semi-elliptic  springs ;  the  projecting  horns  of  the  front 
springs  are  tied  together  by  a  cross  bar,  and  the  rear  ends  of  the  rear 
springs  are  carried  by  an  inverted  transverse  spring.  Fig.  647  shows 
the  chassis  of  this  car.  There  is  no  underframe,  and  the  special  steel 
cylinder  motor  is  fixed  to  the  main  frame  by  four  feet  projecting  from 
the  upper  casting  of  the  crank  chamber.  The  two  cam  shafts 
operating  both  inlet  and  exhaust  valves  lie  one  on  each  side  of  the 
crank  chamber,  the  cams  themselves  being  encased.  Spiral  gears 
drive  the  lubricating  and  water  circulating  pumps.  The  high-tension 
ignition  plugs  are  fixed  horizontally  into  the  valve  chambers 
immediately  above  the  inlet  valves.  The  main  clutch,  of  the  band- 
brake  type,  drives  the  change-speed  gear  through  a  universal 
coupling,  the  gear  itself  resembling  the  Mors  and  Ader  systems. 
There  are  four  forward  speeds  and  a  reverse.  Couplings  between  the 
differential  gear  and  outside  ball  bearings  give  flexibihty  to  a  cross 
countershaft  upon  whose  ends  are  the  sprockets  which  drive  the  rear 
road  wheels.  The  strain  imposed  upon  the  compensated  and  ex- 
panding side  brakes  when  in  use  is  transmitted  directly  to  the  very 
prominent  distance  roi  (see  Fig.  647)  which  connects  the  back  axle 
with  the  frame,  and  so  serves  to  tighten  the  side  driving  chains.  The 
C.  G.  V.  40-h.p.  eight-cylinder  car  generally  resembles  the  above. 
The  motor  is  fixed  to  the  frame  by  six  feet.  There  are  two  car- 
buretters, one  for  each  four  cylinders,  and  the  exhaust  gases  for  each 
four  are  led  away  by  a  single  pipe  connection  passing  across  the  ports 
through  which  the  gases  leave  the  cylinders.  The  object  is  to 
dispense  with  change-speed  gear  (see  p.  252),  but  the  arrangement 
is  only  partially  successful  in  this  respect. 

The  Chenard  and  Walcker  cars  are  remarkable  for  the  means 
adopted  for  controlling  the  motor  (described  in  detail  on  pp.  237-241), 
and .  for  the  special  electric  ignition  system  (p.  182).  The  main 
frame  of  wood,  stifiened  with  steel  fiitch  plates,  supports  a  short 
underframe  of  angle  section  steel,  which  carries  the  motor.  The 
frame  is  suspended  by  long  and  flat  semi-elliptic  springs  above  the 
.front  and  rear  axles,  and  the  rear  axle  is  also  connected  with  the 
frame  by  pivoted  distance  rods.      The  artillery  wheels  are  of  equal 
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size,  and  have  Clipper-Michelin  tyres,  the  wheel  base  being  about 
216  cm.  (6  ft.  3  in.).  The  steering  gear  is  of  the  wheel  type, 
with  irreversible  worm  and  worm-wheeL  The  steering  pillar  is 
perfectly  plain,  and  does  not  carry  any  regulating  levers.  The  hubs 
of  the  rear  wheels  are  provided  with  brake  drums  of  large  diameter 
and  width,  around  which  double-acting  brake  bands  are  fitted.  The 
rods  actuating  the  brakes  are  attached  at  either  end  of  a  cross  beam, 
which  is  free  to  slide  in  horizontal  slots  in  the  frame.  There  is  a 
special  combined  main  clutch  and  brake  (described  on  p.  496),  and 
transmission  is  by  side  chains  from  a  cross  countershaft  Three 
forward  speeds  and  a  reverse  are  provided,  the  top  speed  being  a 
direct-through-drive  from  the  clutch  shaft  to  the  small  bevel  wheel 
driving  the  diiferential  gear.  The  direct  connection  through  the  box 
is  made  by  a  jaw  clutch,  and  the  front  portion  of  the  shaft  carries  a 
spur  wheel,  which  is  at  all  times  in  mesh  with  a  corresponding 
wheel  on  a  lay  shaft  mounted  above  the  other  shaft  The  sliding 
wheels  only  are  carried  upon  the  squared  portion  of  the  direct- 
through-drive  shaft,  and  the  reverse  is  provided  by  an  intermediate 
pinion,  which  is  in  mesh  with  the  rear  wheel  on  the  lay  shaft  The 
reverse  speed  is  obtained  when  the  gear  lever  is  in  its  foremost 
position.  The  lever  is  moved  towards  the  driver  for  bringing  higher 
speeds  into  play.  The  differential  has  bevel  planet  wheels.  Lubri- 
cation of  all  parts  is  effected  from  a  single  lubricator  fixed  to  the 
dashboard,  the  oil  contained  in  it  being  kept  under  pressure  by  a  pipe 
leading  from  the  exhaust  pipe.  The  petrol  tank,  which  contains 
20*4  1.  (4i  gal.),  is  fixed  beneath  the  front  seat  The  water  tank  is 
fixed  immediately  in  front  of  the  dash,  and  a  centrifugal  pump,  friction- 
driven  from  the  flywheel  and  attached  to  the  underframe,  circulates 
the  water  from  it  through  the  radiator  ill  front  and  through  the 
jackets.  Circulation  is  natural  should  the  pump  fail  to  work.  The 
car  appears  to  be  a  good  hill  climber,  and  the  fact  that  the  reverse 
gear  gives  a  considerably  lower  speed  than  the  first  forward  speed, 
allows  unusually  steep  hills  to  be  mounted  by  travelling  up  them 
backwards,  a  fourth  gear  being  thus  practically  available.  .  The 
complete  weight  of  the  car  is  about  700  kg.  (13*78  cwt).  The 
dimensions  over  all  are  :  Length,  3  m.  (9  ft  10  in.)  ;  width,  155  m. 
(5  ft  1  in.),  and  height,  1*52  m.  (5  ft). 

The    de    Dietrich     (Turcat  -  Mery)    main    frame     is    of    wood, 
strengthened  Avith  steel  plates  and   tie  rods  and   with  iron  angle 
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plates.  An  underframe  carries  the  four-cylinder  motor  (some  cars 
have  two  cylinders  only),  for  which  see  p.  249,  this  having  the 
carburetter  described  on  p.  135,  and  magneto  ignition.  The  car- 
buretter's supply  of  mixture  varies  according  to  the  speed  of  the 
motor,  the  means  assuring  this  also  allowing  of  the  motor  acting  as 
a  pneumatic  brake  when  running  down  hill.  The  change-speed  gear 
giving  four  speeds  and  a  reverse  is  described  on  p.  394.  There  is  a 
metal-to-metal  brake  on  the  cross  differential  shaft  whose  ends  carry 


Fig,  617. — Chabrom,  Guuudot,  amd  Voiokt  Chassis. 

the  driving  sprockets,  and  there  are  double-acting  band  brakes  on  the 
rear  wheels. 

Delahaye  cars  may  have  a  one  or  two  cylinder  horizontal  motor 
or  ft  two  or  tour  cylinder  vertical  motor,  and  the  transmission  sj-stam 
of  the  first  type  is  described  on  p.  418.  Of  the  two  cars  with  vertical 
motors  the  latger  one  has  its  radiator  forming  the  front  of  the  bonnet, 
and  the  smaller  one  has  its  radiator  suspended  in  front  of  the  front 
axle.  Figs.  648  and  649  show  the  25-28-h.p.  four-cylinder  car.  The 
main  frame  A  is  of  stamped  steel,  and  there  is  no  underframe.  B  shows 
the  motor  cylinders  under  the  bonnet,  with  the  radiator  C  in  front. 
D  is  the  carburetter.  The  change-speed  gear  E  is  enclosed  in  a 
casting  tixed  to  two  cross  members  of  the  frame,  separate  from  the 
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differential  gear  F  and  from  the  bevel  gear  G  driving  the  counter- 
shaft H ;  the  casing  J  is  supported  by  tubes  enclosing  the  two  halves 
of  the  countershaft.  Side  chains  drive  the  rear  wheels.  A  band 
brake,  K,  between  gear  box  and  differential  casing,  is  applied  by  a 
pedal,  and  there  are  the  usual  side  brakes,  L,  operated  by  side  lever  M. 
The  sprag  for  preventing  the  car  running  backwards  is  replaced  by  a 
pawl  and  ratchet  device;  a  ratchet  wheel  is  fixed  inside  the  brake 
drum  of  the  right-hand  driving  wheel,  and  a  pawl  can  be  made  to 
engage  with  it.  Speed- changing  is  operated  by  a  horizontal  lever,  N, 
mounted  on  the  steering  pillar  O.  The  exhaust  silencer  is  shown 
at  P. 

Titan  motors,  employed  on  Delahaye  cars,  are  of  two  chief 
kinds,  horizontal  and  vertical ;  the  8J-h.p.  to  9-h.p.  horizontal 
motor  has  one  cylinder  of  110  mm.  (4*33  ia)  bore  and  140  mm.. 
(5*5  in.)  stroke,  its  speed  varying  between  900  and  1,200  revolutions 
per  minute.  Another  horizontal  motor  has  two  cylinders,  of 
the  same  bore  and  stroke  as  the  other,  its  power  being  from 
13^  to  14  h.p.,  at  a  speed  varying  from  900  to  1,400  revolutions  per 
minute.  Of  the  vertical  motors,  the  two-cylinder  type  has  precisely 
the  same  dimensions,  speed,  and  power  as  the  two-cylinder  horizontal ; 
the  four-cylinder  vertical  motor  also  has  the  same  dimensions 
and  speed,  but  its  power  is  from  25-h.p.  to  28-kp.  Each  type 
of  the  vertical  motors  approaches  to  what  has  almost  become 
standard  practice,  its  points  being  that  it  has  feet  resting  upon 
the  sides  of  the  underframe,  its  inlet  valves  are  atmospheric, 
the  circulating  pump  is  spur-gear-driven,  and  the  timing  rod 
for  the  high  tension  ignition  is  connected  with  half-compression 
cams  which  relieve  the  cylinder  pressure  when  starting,  and  are 
brought  into  play  when  the  spark  is  retarded  to  its  earliest 
position.  The  cylinders  are  connected  in  pairs  to  the  exhaust 
box,  which  is  just  in  front  of  the  back  axle.  The  carburetter  is 
of  the  constant  level  spraying  type,  and  is  fitted  with  paddles 
to  make  the  mixture  of  air  and  spirit  more  intimate ;  it  works 
with  petrol  spirit,  alcohol,  or  carburetted  alcohol. 

The  Deschamps  two-cylinder  cars  are  of  7-h.p.  and  9-h.p.,  and 
the  four-cylinder  cars  of  14-h.p.  and  18-h.p.,  the  motor  speed  being 
850  revolutions  per  minute  normally,  and  1,100  revolutions  when  a 
30  per  cent,  increase  in  the  output  is  wanted  tor  a  brief  period.  The 
bore  and  stroke  of  the  7  and  14-h.p.  motors  are  95  mm.  and  150  mm. 
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(374  and  59  in.),  and  of  the  9  and  18-h,p.  motors  100  mm.  and 
130  mm.  (393  and  51  in.).  The  Creese  self-starting  device  fitted  to 
the  motors  causes  the  passage  of  an  electric  spark  in  whichever 
cylinder  ia  necessary  to  drive  the  motor  in  a  forward  direction.  The 
ignition  plugs  are  screwed  into  vertical  tubes  connected  by  bends  and 


Fig«.  618  and  619.— Elbvatios  and  Pla-v  oi-  Dilmutb  25-h.p.  Cab. 

nipples  with  the  combustion  chamber  instead  of  being  screwed 
direct  into  the  cylinder  casting,  the  object  being  to  reduce  risk  ot 
pre-ignition,  and  to  prevent  undue  racing  when  in  the  hands  of 
novices.  The  three-piece  erank  chamber  has  upper  and  lower 
castings  of  aluminiuin,  and  the  middle  one,  providing  the  crank-shaft 
bearii^,  of  giin-metal.  The  general  design  of  the  car  is  on  Panhard 
lines.    Transmission  is  by  countershaft,  having  flexible  couplings,  and 
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side  chains;  on  the  countershaft  is  a  double-acting  metal-to-metftl 
brake   applied    by  pedals.    There  are  four  forward  apeeds  and  a 


reverse.  A  special  feature  is  the  method  of  applying  the  bands  to 
the  brake  drum  on  the  rear  hubs.  A  side  lever  is  fixed  to  a  cross 
shaft  on  whoso  two  ends  are  bevel-wheel  segments  engaging  with 
small  bevel  wheels  mounted  on  the  forward  ends  of  two  shifts ;  these 
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shafts  tighten  or  loosen  the  brakes  according  to  how  they  are  rotated, 
the  threaded  ends  of  the  brake  bands  riding  on  left  and  right  hand 
threads  cut  on  the  shafts. 

The  F.  I.  A.  T.  20-h.p.  car  (Italian)  is  a  now  model  whose  four- 
cylinder  motor  with  mechanically  operated  inlet  valves  is  described  on 
p.  253.  The  motor  is  carried  by  an  underframe  suspended  from  the 
main  frame  of  wood  and  steel,  whilst  the  spur-wheel  change-speed 
gear  is  supported  by  tubes  which  enclose  the  countershaft,  and  which 
are  fixed  to  the  main  frame.  The  transmission  is  by  side  chains.  The 
brakes  on  the  rear  wheels  are  double-acting  and  of  the  compensated 
internal  type.  The  suspension  springs  are  very  long  and  semi-elliptic, 
and  the  rear  axle  is  of  H-section.  A  honeycomb  radiator  fonns  the 
front  of  the  bonnet,  behind  it  being  a  motor-driven  fan. 

Gladiator  cars  are  of  three  principal  kinds : — 6-h.p.,  one-cylinder ; 
10-Lp.,  two-cylinder;  and  12-h.p.,  four-cylinder.  The  last  named 
has  a  neat  motor,  with  its  cylinders  cast  in  pairs  and  atmospheric 
inlet  valves,  fixed  with  the  change-speed  gear  box  to  an  angle  steel 
underframe  supported  by  a  main  frame  of  wood  strengthened  with 
flitch  plates.  Behind  a  honeycomb  radiator  is  a  belt-driven  fan  as 
usual.  There  are  four  forward  speeds  and  a  reverse,  and  transmission 
is  by  side  chains  from  a  countershaft.  A  ratchet  and  pawl  replace 
the  usual  sprag  (see  the  description  of  the  Delahaye  car  on  p.  604). 
The  10-h.p,  car  has  a  similar  transmission,  the  gear  giving  three 
forward  speeds  and  a  reverse. 

The  Mees  car  obtained  at  the  1899  Exhibition  in  Berlin  a  gold 
medal  for  excellence  in  design  and  construction.  An  elevation  of 
the  four-year-old  type  is  given  by  Fig.  650,  and  a  plan  and  back  view 
by  Figs.  651  and  652.  The  motor  is  shown  by  Fig.  247,  p.  262.  The 
bent  wood  car  frame  is  braced  with  steel  gussets  and  ties,  and 
rests  through  elliptical  plate  springs  on  two  axles,  which  are  tied 
together  further  by  two  longitudinal  steel  tubes;  the  motor  and 
intermediate  gear  are  suspended  from  this  framework,  the  encased 
motor  being  secured  by  two  springs  to  the  rear  axle,  as  shown 
by  M.  The  petrol  tank,  which  is  also  the  carburetter,  is  shown  at 
E,  and  the  cooling  water  tank  at  W.  In  the  carburetter  is  a  coil 
through  which  part  of  the  exhaust  gases  are  led,  air  being  admitted 
through  a  small  chimney.  The  motor  shaft  lies  in  the  longitudinal 
axis  of  the  car,  and  at  its  inner  end  carries  a  small  bevel  pinion 
which  engages  with   two  larger  wheels  on  the  intermediate  shaft. 
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shown  in  Fig.  651,  and  in  enlai^ed  detail  by  Fig.  653.  This 
intermediate  shaft  carries  a  differential  gear  and  a  variahle|  speed 
gear,  and  at  each  end,  outside  the  car  frame,  a  pitch  chain  pinion 
driving  the  rear  wheels  in  the  usual  manner.  Each  driving  wheel 
carries  a  brake  drum,  ;B,  round  which  is  a  coil  of  steel  wire  rope, 
both  brakes  being  tightened  simultaneously  by  operating  one  brake 
lever.  The  principle  of  the  power  transmission  and  speed  changing 
is  that  of  the  "  sun  and  planet "  gear.  Letter  references  in  Figs.  650 
to  652  remaining  to  be  described  are :  T,  motor  fly-wheel ;  G,  wheels, 
etc.,  on  intermediate  shaft ;  K,  radiator. 


The  Korte  two-cylinder  12-h.p.  car  has  the  crank-shaft  lying 
crosswise  with  the  main  clutch  on  its  left  end ;  from  it  a  Renolds 
chain  drives  the  change-speed  gear,  giving  four  forward  speeds  and  a 
reverse,  and  the  final  drive  is  by  side  chains. 

One  type  of  Mihies  car  (it  is  nominally  a  voiturette)  has  a  two- 
cylinder  vertical  motor  tixed  direct  to  the  channel  steel  rectangular 
main  frame  A  (Figs.  654  and  655).  The  motor  has  mechanically 
operated  valves,  and  is  described  in  detail  on  p.  232.  The  front  part 
of  the  frame  is  slightly  narrower  than  the  back  part.  The  suspension 
springs  are  semi -el  lip  tic,  and  there  are  the  usual  distance  rods  between 
the  back  axle  and  the  main  frame.  B  shows  the  two  cylinders  cast 
in  one  piece,  and  C  is  the  big  flywheel  forming  the  shell  of  the  main 
clutch,  whose  male  portion  is  secured  to  a  sleeve,  D,  mounted  about 
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the  forward  end  of  the  first-motion  shaft.  This  shaft  does  not  move 
lot^itudioolly,  and  its  oztrome  forward  end  forms  a  stesdjnng  spigot ; 
it  is  made  in  two  parts,  one  carrying  the  sliding  wheels  inside  the  gear 


Fig,  65t  aad  S5S. — Elbvutoh  and  Flak  uf  Milne*  Voitubittb. 

case  E,  and  the  other  carrying  the  clutch  sleeve,  and  the  two  parts  are 
connected  by  a  fiange  coupling,  which  has  a  distance  piece  between  the 
two  flanges,  so  that  the  clutch  can  be  taken  ont  without  disturbing  the 
gear  box.     The  clutch  spring  at  D  has  a  ball  thrust,  t^ainst  which 

N  N 
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presses  the  operating  lever  F  ;  this  lever  is  horizontal  and  is  pivoted  at 
one  end,  and  has  a  spring  and  pedal,  G,  at  the  other.  The  Mercedes- 
Milnes  gear  box  is  described  and  illustrated  on  p.  390.  The  sliding 
spur  wheels  on  the  first-motion  shaft  are  controlled  by  one  rod,  and  the 
intermediate  "  reverse  "  pinion  by  another ;  but  both  of  these  rods  are 
jointly  operated  by  one  lever,  H.  J  shows  the  flexible  couplings  on 
the  countershaft  referred  to  on  p.  390,  and  K  is  the  side  chain-driving 
sprockets.  The  double-acting  side  brakes  L  have  a  compensating  cord 
connection,  and  are  each  connected  by  a  stay  with  the  countershaft 
bracket  on  that  side,  much  of  the  strain  being  in  this  way  transferred 
to  the  frame ;  they  are  applied  by  hand  lever  M,  the  main  clutch  being 
automatically  disengaged.  The  steering  gear  has  adjustable  ball-socket 
joints,  and  stops  on  the  steering  heads  limit  the  turning  of  the  wheels. 
N  shows  the  inclined  pillar.  A  combined  hand  and  foot  accelerator  is 
fitted,  the  hand  lever  being  mounted  on  the  steering  pillar  and  working 
in  a  quadrant ;  it  adjusts  the  normal  speed  of  the  motor.  The  lever 
is  connected  through  an  enclosed  spring  with  a  pedal,  and  on 
depressing  this  the  governor  is  cut  out  entirely.  The  lubricating  oil 
tank  is  fitted  in  front  of  the  dashboard  beneath  the  bonnet,  and  pres- 
sure is  maintained  in  it  by  the  same  pressure  valve  that  causes  the 
exhaust  gases  to  keep  a  pressure  on  the  oval-section  petrol  tank  O. 
The  lubricating  oil  is  led  by  a  pipe  to  a  fitting  on  the  right-hand  side 
of  the  dash,  from  which  adjustable  feeds  lead  to  the  two  cylinders  and 
to  the  two  bearings  of  the  crank-shaft.  In  the  centre  of  the  dash  is 
an  entirely  distinct  lubricator,  from  which  oil  is  pumped  into  the 
crank  chamber.  The  change-speed  gear  bearings  are  lubricated  from  a 
multiple-feed  oiler  fixed  on  the  left-hand  side  of  the  dash,  four  adjust- 
able feeds  being  provided  by  it.  The  Mercedes  combined  water  tank 
and  radiator  P  is  fixed  across  in  front,  and  its  lower  portion  is 
laminated  to  give  a  large  cooling  surface.  The  exhaust  box  Q  is  fixed 
between  the  change-speed  gear  and  the  back  axles.  The  band  brake 
in  the  transmission  gear  is  shown  at  R. 

The  Morris  10-h.p.  car,  with  channel  steel  main  frame  and 
underframe,  has  a  two-cylinder  motor,  and  transmission  is  by 
side  chains.  The  male  portion  of  the  main  cone  clutch  slides 
upon  the  first-motion  shaft  and  drives  it  by  three  feather  keys. 
The  second-motion  shaft  is  above,  and  the  differential  gear  on 
the  countershaft  carries  two  bevel  wheels  brought  alternately  into 
mesh  with  the  wheel  on  the  rear  end  of  the  second-motion  shaft 
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by  sliding  the  differential  sideways.  There  are  internal  expanding 
brakes  inside  the  countershaft  driving  sprockets  and  in  the  re&r 
wheel  hubs. 

Mors  ears  are  produced  in  many  styles,  Fig.  656  showing  a 
handsome  construction  similar  to  the  Maudslay  car,  Fig.  640,  p.  593, 
but  the  leading  models  at  present  are  the  11  and  18-h.p.  re- 
spectively. The  latter  being  typical  is  here  described.  The  frame 
A,  Figs.  657  and  658,  is  a  fine  example  of  steel  stamping,  and  the 
peculiar  construction  at  the  front  ends  will  be  noted.  The  ends 
B  project  downwards  and  form  the  front  horns  for  the  springs  C, 


Fig.  ese.^MoRg  CiK. 

and  they  are  connected  by  a  rod,  D,  passing  across  in  front  of 
the  honeycomb  radiator  E,  behind  which  is  a  fan,  W.  Owing  to  the 
use  of  drop  axles  the  frame  is  carried  low,  the  countershaft  F. 
from  whose  sprockets,  G.  the  rear  wheels  are  chain-driven,  being  on 
the  same  level  as  the  crank-shaft  H,  and  only  slightly  higher  than  the 
wheel  hubs.  The  rear  axle  is  of  H  section,  and  the  front  axle  is 
bowed  downwards  to  clear  the  motor  J,  which  is  fixed  direct  to  the 
main  frame,  no  underframe  being  employed  The  horns  K  sup- 
porting the  springs  L  at  the  rear  are  separate  foldings  and  project 
considerably.  The  four-cylinder  vertical  motor  is  of  a  thoroughly 
up-to-date  design  {see  p.  2;i3)  and  has  mechanically  operated  valves ; 
its  carburetter,  M,  is  described  on  p.  126.  The  hand  levers  N  for 
regulating  ignition  and  throttle  are  mounted  on  the  hand  steering 
wheel,  and  are  connected  with  the  mechanism  through  the  hollow 

N  N   2 
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steerii^  pillar  O ;  this  method  abolishes  all  small  levers  on  the  pilLir, 
and  so  improves  appearance  and  better  suits  the  driver's  convenience. 
P  is  the  flywheel  clutch.  The  change-speed  gear  (described  on 
p.  392)  gives  a  direct  through  drive  on  the  top  speed  through  shaft 
Q,  and  the  bevel  gears  shown ;  at  lower  speeds  the  drive  is  through 


FigB.  657  and  658.— Elevation  aso  Flav  op  Mobb  Cab. 

shaft  R.  The  two-piece  gear  box  S  is  fixed  at  each  end  to  drop 
brackets  forming  cross  members  of  the  main  frame.  There  are 
flexible  couplings,  T,  at  each  side  between  the  differential  U  and  the 
side  sprockets  G.  Separate  exhaust  pipes  lead  from  each  cylinder, 
and  each  pair  comes  together  on  its  way  to  the  exhaust  box,  which  is 
behind  the  change-speed  gear.  There  are  the  usual  countershaft 
brake,  X,  and  side  brakes.  The  water  circulation  pump  Y  is  driven 
by  the  motor. 

Peugeot  cars  are  thoroughly  representative  of  French  up-to-date 
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practice.  They  are  made  in  many  powers,  the  standard  cars  being  of 
18  and  12-h.p.  with  four  cylinders,  10-h.p.  with  two  cylinders,  and 
6J-h.p.  with  one  cylinder.  The  12-h.p.  and  18-h.p.  cars  each  have 
a  special  steel  frame,  and  an  underframe,  carrying  the  motor,  passes 
from  a  substantial  cross-member  behind  the  flywheel  and  joins  the 
main  frame  in  front.  Peugeot  motors  are  described  on  p.  235.  There 
is  a  gear-driven  magneto  and  a  honeycomb  radiator  with  fan.  A 
cone  clutch  in  the  flywheel  transmits  the  power  through  a  flexible 
coupling  to  the  gear  box  in  which  the  two  shafts  are  arranged  in  one 
horizontal  plane.  Tubes  passing  from  the  gear  box  to  the  main 
frame  hold  the  box  in  place  and  enclose  the  shafts  connecting  the 
ditferential  gear  with  the  outside  sprockets,  the  final  drive  to  the 
wheels  being  by  side  chains.  In  the  two-piece  gear  box,  which  has  a 
removable  top  inspection  plate,  is  a  metal  -  to  -  metal  band  brake 
applied  by  a  pedal.  The  centre  of  gravity  is  kept  low  by  attaching 
the  long  rear  springs  to  upwardly  projecting  brackets  tixed  to  the 
frame  and  by  employing  a  low  front  axle. 

The  Pipe,  a  Belgian  car,  has  a  wooden  frame  A  (Figs.  G59  and  660) 
strengthened  with  steel  flitch  plates  and  lightened  with  perforations. 
An  underframe  B  of  two  members  bent  up  in  front  to  join  the  main 
frame  and  carried  at  the  rear  on  a  cross  member,  supports  the  motor 
C  and  change-speed  gear.  Each  pair  of  cylinders  in  the  four- cylin- 
der motor  is  cast  together,  the  jackets,  heads,  and  valve  chambers 
being  in  one  piece  with  them.  A  very  accessible  inlet  valve  is  arranged 
above  each  cylinder.  The  exhaust  valves  are  at  the  left  of  the  cylin- 
ders, the  high-tension  ignition  plugs  being  opposite  them.  The 
cylinders  are  bolted  to  the  top  of  the  aluminium  crank  chamber  D,  and 
the  gear  wheels  driving  the  cam  shaft  are  partly  enclosed  in  a  light 
casing.  The  starting  handle  E  is  connected  with  the  crank-shaft 
through  a  chain  and  one-way  clutch.  The  governor  is  on  the  hit-and- 
miss  principle  and  operates  a  throttle  in  the  induction  pipe.  The  motor 
drives  through  the  main  friction  clutch  F  the  Panhard  type  change- 
speed  gear,  whose  box  G  is  in  three  pieces,  the  joints  between  each 
passing  horizontally  through  the  bearings  of  each  shaft ;  the  middle 
casting  carries  the  second-motion  shaft  and  countershaft,  and  the  lower 
casting  the  first-motion  shaft,  and  the  intermediate  pinions  for  the 
reversa  The  countershaft  H  carries  an  enclosed  differential  J,  and  its 
two  halves  have  flexible  couplings  K,  the  sprockets  L,  which  chain- 
drive  the  rear  road  wheels,  being  on  the  extreme  ends.    The  outside 
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brackets  supporting  the  countershaft  are  connected  to  the  rear  axle  by 
the  usual  distance  rods  M,  and  are  tied  to  the  main  frame  by  forward 
stays,  N.  Suspension  springs  are  semi-elliptic,  and  the  axles  are  sub- 
stantial forgings,  the  front  one  0  being  bowed  forward  and  downward  to 
clear  the  motor.  A  pedal  operates  a  double-acting  band  brake  P  on 
the  countershaft,  and  the  side  band  brakes  Q,  applied  by  a  side  lever, 
are  compensated  by  a  connecting  steel  wire.  The  water  tank  at  the 
rear  is  shown  by  R,  and  the  front  radiator  by  S. 

Georges  Richard  cars  are  of  four  principal  sizes :  (a)  The  10-h.p. 
car  has  a  two-cylinder  motor  of  100  mm.  (3*93  in.)  bore  and  stroke, 
an  encased  circular  governor  iacting  on  the  throttle  on  the  top  of 
the  motor ;  there  are  three  forward  speeds  and  a  reverse,  and  there 
is  a  direct  through  drive  on  the  top  speed,  a  longitudinal  shaft 
driving  a  live  rear  axle  through  bevel  gearing.  There  is  a  flexible 
coupling  between  motor  and  gear  box.  The  frame  and  underframe 
are  tubular,  wheels  are  artiller}^  75  cm.  (295  in.)  in  diameter,  and 
the  wheel-base  is  1*93  m.  (76*5  in.),  the  track  124*5  cm.  (49  in.), 
and  the  total  length  of  car  3*05  m.  (10  ft).  The  chassis  alone 
weighs  483  kg.  (9*5  cwt.),  and  with  an  ordinary  body  about  584  kg. 
(11'5  cwt.).  ih)  The  12-h.p.  car  has  a  similar  motor,  but  the  bore 
is  104  mm.  (409  in.),  the  stroke  100  mm.  (3.93  in.),  and  the  brake. 
h.p.  is  13.  Ignition  is  by  rotary  magneto.  There  are  four  forward 
speeds  and  a  reverse,  the  artillery  wheels  are  80  cm.  (31*5  in.)  in 
diameter,  and  the  chassis  and  car  are  respectively  50*8  kg.  (1  cwt.) 
and  101*6  kg.  (2  cw^t.)  heavier  than  in  the  10-h.p.  car.  The  wheel- 
base  is  only  slightly  longer,  and  the  track  and  leugth  are  about  the 
same.  Other  details  are  much  as  before,  (c)  The  24-h.p.  car  has 
a  four-cylinder  motor  of  104  mm.  bore  and  100  mm,  stroke.  The 
wheels  are  87  cm.  (34*25  in.)  in  diameter,  the  wheel-base  is  2*26  m. 
(7  ft.  5  in.),  the  track  129*5  cm.  (51  in.),  the  length  3*35  m.  (11  ft.), 
the  weight  of  chassis  686  kg.  (13*5  cwt.),  and  the  weight  of  an 
ordinary  car  about  838  kg.  (l^S  cwt.).  (d)  The  40-h.p.  car  differs 
from  all  the  others  in  having  side  chain  transmission,  and  a  re- 
inforced ash  or  special  taper  steel  frame  instead  of  a  tubular  frame. 
Figs.  661  and  662  are  diagrammatic  elevation  and  plan  of  the  40-h.p. 
chassis.  The  frame.  A,  has  well  cambered  steel  flitch  plates  running 
outside  for  the  whole  length.  A  channel  steel  underframe,  B, 
carries  the  four-cylinder  motor  C,  of  125  mm.  (4*92  in.)  bore  and 
130   mm.   (51   in.)   stroke.      The    special    carburetter    used,  D,   is 
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described  on  p.  127.  A  rotary  magneto,  E,  is  driven  off  a  separate 
lay  shaft  on  the  right  of  the  motor ;  this  shaft  ako  drives  the  force 
feed  lubricating  pump  in  the  lubricating  tank.      The  underframe 


Figs.  659  and  660. — Elbyatiox  and 
Plan  of  Pipb  Car. 


B  is  formed  of  two  down-swept  members  bolted  in  front  to  bearer 
plates  on  the  front  cross-pieces  of  the  frame  A,  and  bearing  upon 
a  second  cross  piece  to  the  rear.  The  flywheel  clutch  G  drives 
the  gear  in  box  H.  There  are  four  forward  speeds  and  a  reverse, 
and  the  usual  direct  through  drive  on  the  top  speed.  The  counter- 
shaft  J,  with  differential,   transmits   the  drive   through   sprockets 
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L  to  side  chains,  and  carries  a  band  brake,  M,  applied  by  pedal  N. 
The  driving  wheel  band  brakes  0  are  applied  by  the  aide  lever  P. 
The  carburetter  is  gravity  led  from  petrol  tank  Q,  under  the  seat. 
The  steering  gear  is  as  usual,  R  being  the  hand  wheel,  and  there 
being  an  enclosed  worm  and  wheel.  T  is  the  speed-change  lever,  and 
U  the  clutch  pedal.  The  silencer  V  is  alongside  the  water  tank 
W,  at  the  rear.    The  chassis  is  said  to  weigh  686  kg.  (135  cwt.),  and 


Fig».  661  and  662.— EtEViTiON  and  Plah  of  G.  Bicbabu  40-h.p.  Cab. 

the  car  either  838  kg.  or  889  kg.  (16-6  or  17-6  cwt).  The  Richard 
motors  and  change  -  speed  gear  are  described  on  pp.  243  and  393 
respectively. 

The  Rochet-Schneider  wood  and  flitch-plate  frame  A,  Fig,  663, 
supports  an  angle  steel  underframe,  B,  which  carries  the  20-h.p. 
four-cylinder  motor  C  (described  on  p.  243)  and  change-speed  gear  D. 
Behind  the  front  honeycomb  tank  and  radiator  E  is  a  belt-driven  &n. 
The  cone  clutch  F  ditfers  from  the  usual  type  in  having  the  spring, 
that  normally  causes  it  to  engage,  stationary.  In  the  change-speed 
gear  the  first-motion  shaft  is  beneath  the  second-motion  shaft,  and 
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from  the  sprockets  oq  the  differential  countershaft  the  rear  wheels 
are  chain-driven.  Two  band  brakes  on  the  countershaft,  one  each 
side  of  the  gear  box,  are  applied  simultaneously  by  a  pedal.  The 
side  lever  J  operating  the  change-speed  gear  is  mounted  on  a  shaft 
passing  right  across  the  car ;  it  is  moved  either  forward  or  backward 
in  one  or  two  parallel  slots  in  the  sector  H,  and  any  of  the  four 
forward  speeds  can  be  obtained  without  passing  through  intermediate 
positions.  Ijcver  J  also  operates  the  reverse.  The  side  band  brakes 
operated  by  lever  G  are  compensated  by  introducing  small  helical 


springs  between  the  frame  and  the  usual  fixed  portion  of  the  bands. 
In  the  steering  heads,  the  forked  bearing,  instead  of  being  rigid  with 
and  fixed  to  the  axle,  forms  a  part  of  the  stub  axle  upon  which  the 
road  wheels  revolve,  and  the  centre  pin  about  which  the  forked 
hearings  turn  is  solid  with  the  stationary  part  of  the  axle :  that  is,  the 
positions  of  the  steering  head  that  usually  are  stationary  here  turn 
with  the  wheels,  and  vice  versd.  A  ratchet  wheel  with  pawl  replaces 
the  sprag,  as  in  the  Delabaye  and  Gladiator  cars.  The  artillery 
wheels  are  90  cm.  (354  in.)  in  diameter,  the  track  is  135  cm.  (53  in.), 
and  the  wheel-base  is  235  cm.  (92'5  in.). 

Star  cars  are  representative  of  modem  practice.  They  include 
a  6-h.p.  voiturette,  a  7  and  10-h.p.  light  car,  all  with  twin-cylinder 
motors,  and  a  15-h,p.  and  a  20-h,p.  car,  both  with  four-cylinder 
motors,     The  20-h.p.  heavy  car  is  here  taken  as  a  type.     The  four- 
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cylinders  have  a  bore  and  stroke  of  108  mm.  and  139*7  mm. 
(425  in.  and  5*5  in.)  respectively,  and  at  800  revolutions  per  minute 
24-h.p.  is  developed  on  the  brake.  The  crank-shaft  is  machined 
from  a  solid  forging,  and  the  crank  chamber  is  of  phosphor-bronze, 
the  total  weight  of  the  motor  being  less  than  250  kg.  (5  cwt.). 
Both  inlet  and  exhaust  valves  are  508  mm.  (2  in.)  in  diameter,  and 
all  four  valves  can  be  got  at  by  unscrewing  two  nuts,  and  the 
four-branch  induction  pipe  containing  the  throttle  valves  can  be 
removed  by  loosening  two  nuts  which  connect  it  to  the  induction 
pipe,  the  latter  having  a  slotted  flange.  The  valve  cam  shaft  runs 
outside  the  crank  case,  the  cams  dipping  into  two  cavities  or 
drip  chambers  cast  in  the  case  and  kept  supplied  with  oil.  A 
small  glass  lubricator  oils  the  whole  of  the  valve  gear,  and  the 
rest  of  the  motor  is  lubricated  by  a  mechanical  feed  belt,  driven 
from  the  crank-shaft,  in  the  same  lubricator  being  a  paraffin  pump 
for  cylinder  cleansing.  Each  pair  of  cylinders  exhausts  into  a 
separate  pipe  to  the  silencer.  The  frame  is  of  ash,  armoured  inside, 
and  bolted  together  with  steel  angle  plates.  The  channel  steel 
underframe  supports  the  motor  and  forward  part  of  gear  box.  The 
four  forward  speeds  and  reverse  are  worked  by  a  single  lever,  the 
change-speed  gear  being  of  the  Panhard  type.  The  clutch  is  of 
the  self-centring  type,  the  wheel-base  is  229  cm.  (7  ft.  6  in.),  and  the 
gauge  143'5  cm.  (4  ft.  85  in.).  All  wheels  are  864  cm.  (34  in.)  in 
diameter,  and  the  t3n-es  are  127  mm.  (5  in.)  in  section  ;  the  complete 
chassis  weighs  about  914  kg.  (18  cwt.).  There  are  the  usual 
countershaft  and  side  brakes,  all  of  the  band  type  and  double  acting. 
The  tonneau  body  is  of  aluminium,  and  seats  four  people. 

The  Sunbeam  12-h.p.  car  has  a  main  frame  of  ash  and  steel,  an 
angle  steel  underframe  carrying  the  four- cylinder  motor  and  change- 
speed  gear,  both  of  which  are  encased  in  sheet  metal  on  the  underside  ; 
normal  speed  of  motor  is  800  revolutions  per  minute,  bore  is 
80-7  mm.  (818  in.),  and  stroke  is  118*8  mm.  (4*68  in.).  Inlet  valves 
are  atmospheric,  and  the  throttle  valve  of  the  cylindrical  plunger 
kind  forms  a  part  of  the  special  carburetter.  There  are  four  separate 
exhaust  pipes  leading  to  the  silencer  alongside  the  motor,  the  gases 
afterwards  passing  through  a  pipe  to  the  rear  of  the  car.  Transmission 
is  by  side  chains,  and  the  car  is  constructed  on  well-known  lines.  A 
matter  of  detail  is  that  the  two  side  levers  have  ball  ends  where  they 
are  gripped  by  the  hanSs. 
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Many  American  petrol  cars  have  all  the  features  that  British  and 
Continental  practice  has  developed. 

The  Toledo  (American)  petrol  car  (Figs.  664  and  605)  is  a  modifica- 
tion of  a  European  design.  An  angle  steel  underframo  A,  supported 
from  the   reinforced   ash  main  frame  B,  carries  the  motor  C  and 


transmission  gear  D.  The  vertical  three-cylinder  motor  is  mounted 
longitudinally.  E  is  the  shaft  and  F  the  clutch.  A  countershaft  G 
driven  by  the  sliding  spur  wheel  change-speed  gear  drives  the  road 
wheels  by  means  of  side  chains  H.  The  three  forward  speeds  and  the 
reverse  are  operated  by  the  inner  of  the  two  side  levers  J ;  K  is  the 
brake  lever.  Brakes  are  as  usual,  and  the  steering  gear  is  of  the 
familiar  inclined  pillar  and  wheel  type  L.  The  water  tank  M  is  over 
the  rear  axle,  the  radiator  N  in  front,  and  the  muQIer  0  in  the  rear. 
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P  is  the  clutch  pedal,  Q  clutch  and  countershaft  brake  pedal,  and  R 
is  the  sprag.  Working  the  brake  lever  K  also  withdraws  the  clutch. 
S,  Fig.  664,  is  the  throttle  lever,  shown  also  below  Q  in  Fig.  665. 

The  Watsonia  (Durkopp)  cars,  of  German  make,  are  in  two  sizes, 
one  of  them  having  a  10-h.p.  two-cylinder  motor  and  the  other  a 
15-h.p.  four-cylinder  motor  (see  p.  250).  The  motor,  with  its  internal 
flywheels,  is  in  front,  and  the  drive  from  the  Panhard  type  gear  is  by 
side  chains.  Each  half  of  the  divided  shaft  connecting  the  differential 
gear  to  the  side  sprockets  has  a  special  brake  drum,  the  band  around 
which  is  applied  by  a  steel  cord  passing  round  a  pulley  connected  with 
the  pedal,  the  result  being  that  the  effects  of  the  two  brakes  are 
equalised.  The  usual  side  band  brakes  also  are  compensated.  Motor 
and  change-speed  gear  are  carried  on  a  separate  underframe  secured 
to  the  main  frame,  both  frames  being  of  channel  steel  and  the  main 
one  being  filled  with  wood. 

Cars  in  which  the  drive  is  by  means  of  a  longitudinal  shaft  and 
bevel  gearing  to  a  live  rear  axle  will  now  be  described. 

Ariel  cars  are  of  10  and  16-h.p.,  the  former  having  a  two-cylinder 
and  the  latter  a  four-cylinder  motor.  In  both  cars  the  leading 
features  are  the  construction  of  the  light  tubular  frame  with  the 
brackets  for  carrying  the  mechanism,  the  accessibility  and  facility  of 
removing  the  motor  and  gear  box,  the  employment  of  a  high-speed 
well-balanced  motor,  and  the  reduction  of  frictional  losses  in  the  trans- 
mission gear.  In  the  10-h.p.  car  (Figs.  666  and  667),  the  main  frame 
A  is  suspended  on  semi-elliptic  springs  and  has  swinging  distance  rods 
between  it  and  the  rear  axle ;  it  has  four  cross  tubes  B  C,  and  all  the 
frame  is  in  the  same  horizontal  plane.  Two  lower  longitudinal  tubes 
D  are  secured  by  drop  brackets  to  the  front  and  intermediate  cross 
tubes.  The  brackets  to  which  the  suspension  springs  are  attached, 
and  those  (E)  carrying  the  rocking  shaft  which  connects  the  hand  lever 
with  the  side  brakes,  are  built  into  the  frame  itself  To  the  lower  tubes 
D  are  clipped  the  motor  F  and  the  change-speed  gear  G.  The  com- 
plete frame,  which  weighs  about  54  kg.  (119  lbs.),  has  a  neat 
appearance,  and  provides  the  important  bearings  for  the  operating 
devices  ;  like  all  such  frames  it  lends  itself  to  the  attachment  of  parts 
without  its  being  necessary  to  drill  holes  in  it.  The  brackets  E  are 
shaped  to  receive  the  upper  ends  of  the  distance  rods  which  connect 
the  main  frame  with  the  rear  axle  H.  The  motor  drives  the  change- 
speed  gear  through  clutch  J,  and  the  final  drive  is  by  longitudinal  shaft 
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K  and  the  bevel  gearing  L,  The  side  double-aotiug  band  braltes  M  are 
of  a  special  form,  the  drums  themselvea  being  bolted  to  the  wheels,  and 
the  weight  of  the  bands  being  normally  taken  off  them.  The  levers 
operating  them  pass  from  the  ends  of  a  traverse  shaft  N  carried  in 


^gs.  666  and  667.— Elkvatioh  and  Pluc  op  AaiEL  Cab. 

brackets  E,  and  a  hand  lever,  not  illustrated,  projects  upwards  from  the 
right-hand  end  of  the  8haft,which  also  serves  as  a  fulcrum  for  the  pedals 
O  F  and  for  part  of  the  system  of  levers'  connecting  the  change-speed 
lever  with  the  gear.  A  small  hand  lever  Q  on  the  steering  pillar, 
connected  with  the  contact  breaker  on  the  cam  shaft,  regulates  the 
time  of  ignition,  and  a  gradometer  fixed  to  the  quadrant  R  on  the 
steering  pillar  indicates  to  the  driver  the  gradient  of  the  road  upon 
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which  the  car  is  travelling.  The  steering  gear  is  dealt  with  on  p.  447. 
The  petrol  tank  usually  is  fitted  in  the  back  of  the  seat  or  in  some 
other  convenient  position  on  the  body,  the  water  tank  is  beneath  the 
seat  at  S,  and  the  radiator  T  is  at  the  back.  The  exhaust  box  is 
indicated  at  U.  The  wheel  base  is  198  cm.  (6  ft.  6  in.)  when  the 
three-speed  gear  is  fitted,  and  213  cm.  (7  ft)  with  a  four-speed  gear. 
All  four  wheels  are  of  the  same  diameter. 

The  Ariel  carburetter  is  of  the  ordinary  float-feed  type,  but 
long  and  careful  experimenting  have  given  something  approaching 
perfection  to  the  device.  The  air  supply  is  taken  through  one  of 
two  passages,  the  more  direct  bringing  the  cold  air  and  the  other, 
running  near  the  exhaust  pipes,  bringing  the  hot  By  having  the 
former  adjustable,  the  temperature  of  the  air  supply  can  be  regulated. 
For  use  at  the  highest  speed,  there  is  an  extra  air  supply  pipe 
with  its  inlet  at  the  dashboard,  its  end  being  closed  normally  by  a 
shutter  under  the  control  of  the  driver. 

In  the  Ariel  16-h.p.  car  the  motor  is  built  up  of  two  pairs  of 
cylinders  mounted  in  a  similar  manner  on  a  differently  constructed 
crank  chamber.  The  crank  chamber  is  made  in  two  parts,  an  upper 
and  a  lower,  the  joint  between  them  being  horizontal  through  the 
bearings  of  the  crank-shaft  and  sloping  upward  so  as  to  divide  the 
bearings  of  the  cam  shaft  A  central  crank-shaft  bearii^  is,  of  course, 
provided.  The  crank-shaft  itself  is  a  solid  forging  and  the  flywheel  is 
external.  The  drop-forged  connecting  rods  have  divided  brasses  at  the 
big  ends  and  are  neatly  designed.  The  motor  weighs  about  124*3  kg. 
(274  lbs.),  and  has  proved  itself  capable  of  running  up  to  a  speed  of 
more  than  3,000  revolutions  a  minute,  although  its  normal  speed  is 
1,800.  Six  bolts  hold  it  to  the  tubular  main  frame.  The  wheel-base 
is  231  cm.  (7  ft.  7  in.).  The  petrol  tank  and  water  tank  are  some- 
what difterently  placed.  Two  exhaust  pipes  lead  from  cylinders  Nos. 
1  and  3  and  from  Nos.  2  and  4  respectively  to  separate  exhaust  boxes, 
and  the  gases  from  the  two  boxes  are  then  conducted  to  another  box. 
The  radiator  is  placed  in  front  and  consists  of  flat  parallel  tubes 
arranged  in  a  frame  with  corrugated  strips  of  metal  between  them : 
one  set  of  tubes  is  horizontal  and  another  set  vertical,  the  one  behind 
the  other  with  a  space  between  them.  The  starting  handle  passes 
through  the  radiator.  A  similar  radiator,  but  having  only  one  layer 
of  tubes,  is  also  fitted  on  some  of  the  10-h.p.  cars,  instead  of  the 
cooler  at  the  back. 
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The  Ai^yll  10-h.p.  live  rear  axle  car  is  constructed  on  well-known 
lines,  Figs.  668  and  669  being  elevation  and  plan  of  tbe  chassis. 
The  frame  A  is  of  ash,  strengthened  with  steel  plates,  the  motor 
B  has  two  cylinders,  the  gearing  C  gives  three  forward  speeds 
and  a  reverse,  there  being  a  direct  through  drive  on  the  top  speed, 
and  the  transmission  is  by  longitudinal  driving  shaft,  D,  and  bevel 
gearing  to  the  live  rear  axle  E.    On  the  drivii^  shaft  is  a  brake,  F, 


operated  in  conjunctioQ  with  the  flywheel  clutch  G  by  pedal  H  ; 
the  clutch  is  alone  controlled  by  pedal  J.  The  exhaust  pipe  and 
the  silencer  at  the  side  are  shown  at  K  L  the  side  brake 
lever  at  N,  the  forward  speed-changing  lever  at  0,  the  reverse  lever 
at  P,  the  3>etrol  tank  at  Q,  and  the  combined  radiator  and 
water  tank  at  R.  The  heat  is  radiated  by  wire  coils  around  the 
vertical  tubes  connecting  the  top  and  bottom  tanks,  circulation 
being  natural.      Other  features  are  of  a  familiar  nature. 

The  modern  Benz-Parsifal  car  is  an  entirely  different  vehicle  to 
the  old  and  well-known  Benz  car  with  horizontal  motor.    The  modem 
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car  conforms  in  its  general  features  to  what  is  now  more  or  less  the 
general  practice.  The  twin-cylinder  vertical  motor  is  described  on 
p.  236,  and  the  Richard-Benz  carburetter  is  noted  on  p.  136.  The  main 
frame  shown  in  the  view  of  the  chassis,  Fig.  670,  is  of  wood 
strengthened  with  flitch  plates,  and  the  motor  and  gear  box  (see 
Fig.  394,  p.  393)  are  carried  on  an  underframe,  and  the  transmission 
is  by  a  universally  jointed  shaft  to  a  live  rear  axle.  The  radiator 
forming  the  front  of  the  bonnet  is  composed  of  two  frames,  one  in 
front  of  the  other,  built  up  with  flat  tubes  with  corrugated  strips  of 
metal  between  them.  The  main  clutch  is  of  the  internal  cone  type, 
and  is  formed  in  the  big  flywheel,  and  the  gear  gives  a  direct  through- 
drive  on  the  top  (third)  speed.  One  lever  operates  both  forward  and 
reverse.     The  foot  brake  is  of  the  internal  type. 

The  Belsize  12-h.p.  car  has  a  two-cylinder  motor  with  atmospheric 
inlet  valves,  whose  springs  are  exposed.  The  exhaust  valves  are 
operated  by  rods  passing  upward  through  the  crank  chamber  to 
rocking  levers  of  ingenious  design.  Four  flywheels  are  enclosed  in 
the  crank  chamber,  and  there  is  a  middle  bearing  for  the  built-up 
crank-shaft.  The  electric  wire  terminals  for  the  contact  breaker  are 
fitted  with  springs,  and  are  hollowed  out  to  receive  forked  contact 
pieces  on  the  ends  of  the  wires.  The  springs  prevent  the  wires  from 
being  shaken  loose  and  allow  for  vibration.  The  terminals  are 
stationary  and  the  current  is  conducted  from  them  to  the  rocking 
commutator  by  means  of  contact  rings.  The  normal  speed  of  the 
motor  is  1,000  revolutions  per  minute.  The  main  frame  is  of  channel 
steel.  In  front  of  the  dash  is  a  water  tank,  and  the  radiator  tubes 
encircle  the  bonnet  and  pass  along  above  the  frame  at  each  side  of  it. 
The  main  clutch  is  of  the  cone  type  with  internal  spring,  the  gear 
gives  three  forward  speeds  and  a  reverse  all  brought  into  play  by  one 
lever,  and  the  power  is  transmitted  by  a  longitudinal  shaft  and  bevel 
gearing.  The  brakes  are  in  the  road  wheel  hubs.  As  regards  suspen- 
sion, the  front  ends  of  the  rear  springs  are  fixed  to  sleeves  which  are 
free  to  slide  upon  horizontal  pins,  whose  two  ends  are  fixed  to  the 
main  frame.  The  springs  are  not  clipped  to  the  axles  at  their  centres, 
a  greater  length  of  spring  projecting  forward  than  backward.  The 
Belsize  20-h.p.  car  has  a  three-cylinder  motor,  and  the  longitudinal 
crank-shaft  drives  through  a  clutch  the  change-speed  gear,  in  which 
a  small  bevel  wheel  on  the  rear  end  of  the  second-motion  shaft 
meshes  Avith  a  wheel  on  a  short  cross  shaft  from  which  the  power  is 
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taken  by  a  single  chain  to  tbe  difFerential  gear  on  the  live  rear  axle ; 
both  shaft  and  axle  run  in  ball  bearings.  An  aluminium-leather  case 
encloses  the  chain,  which  is  exceptionally  large.  The  change-speed 
and  brake  levers  are  arranged  near  the  steering  pillar  instead  of 
outside.  Tbe  car  weighs  914  kg.  (18  cwt,),  and  the  track  is  142  cm. 
(4  ft.  8  in.). 

Clement  standard  cars  are  two-cylinder  9-b.p.,  or  four  -  cylinder 


Fig,    870. — ChaWU  of  BlNl.pAllStFAL  CiR. 

12  or  16'h.p.,  and  in  all  tbe  transmission  is  by  longitudinal  shaft  and 
bevel  gearing  to  a  live  rear  axla  The  smallest  car  has  a  wood  and 
flitch  plate  frame  and  three  forward  speeds,  whilst  the  others  have  a 
frame  of  stamped  steel  and  four  forward  speeds.  There  is  a  direct 
through  drive  on  the  top  speed.  Tbe  motors  bad  a  distinctive 
arrangement  of  the  low-tension  ignition;  the  vertical  ignition  plugs 
formed  inspection  covers  above  the  inlet  valves,  and  their  rocking 
arms  were  operated  direct  from  cams  carried  on  a  cam  shaft  driven 
by  bevel  gearing  and  revolving  in  bearings  across  the  top  of  the 
cylinders.    A  timing  gear  advanceti  or  retarded  the  cams  relatively 
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to  the  crank-shftft.  Current  was  supplied  by  a  gear-diiven  m^fneto 
or  by  a  dynamo  friction-driven  from  the  flywheel  But  this  system 
has  been  discarded  in  favour  of  low-tension  ignition.  Inlet  and 
exhaust  cams  are  on  one  side  of  the  cylinders,  and  are  operated  by 
a  common  cam  shaft ;  a  centrifugal  force  governor  is  enclosed  in 
front  of  the  crank  chamber  and  operates  a  throttle  valve.  A  single 
exhaust  pipe  passes  across  and  connects  the  exhaust  parts  of  all  the 


Fig.  671. — Dh  Dion-Boctom  VoirnKBTT*. 

cylinders,  whether  these  number  two  or  four.  The  Clement 
voiturette  has  a  one  -  cylinder  6  brake-h.p.  motor  in  front  beneath 
a  bonnet,  and  seats  either  two  or  three,  there  being  a  detachable 
back  seat 

De  Dion-Bouton  voiturettes  of  the  form  illustrated  by  Fig.  671, 
with  motor  at  rear  driving  a  live  axle  {see  Fig,  672),  have 
become  very  familiar  during  the  past  few  years,  but  now  de  Dion- 
Bouton  models,  whilst  retaining  soma  of  the  old  features,  more 
resemble  other  standard  cars,  and  do  not  retain  the  outward  design 
that  has  characterised  the  productions  of  the  firm  so  long.    There 
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is  still,  however,  the  tubular  frame  and  the  live  axle,  but  the 
transmission  has  been  modified,  and  the  change-speed  gear  is  on 
a  new  design. 

The  de  Dion-Bouton  "Populaire"  voiturette  has  a  6-h.p.  single 
cylinder  motor,  A,  in  front  (see  the  elevation  and  plan.  Figs.  673  and 
674).  The  motor  has  no  external  fly-wheel  or  clutch,  the  crank 
shaft  being  connected  through  a  universally  jointed  longitudinal 
shaft,  B,  with  the  change-speed  gear  C,  which  is  described  in  detail 
on  pp.  400  to  403.     The  pump  D  for  circulating  the  cooling  water 


jQ 


Fig.  672.— Db  Dion-Bouton  Old 
VoiTriiBTTE  Transmission. 


Vwy 


has  its  spindle  coupled  by  a  helical  spring,  E,  to  the  motor  shaft ; 
the  two  shafts  being  in  line  a  thoroughly  flexible  drive  between 
motor  and  pump  is  secured-  The  change-speed  gear  is  enclosed  in 
a  neat  casing,  C,  rigidly  fixed  to  the  rear  cross-members  F  G  of  the 
tubular  frame.  The  gear  box  being  rigid  with  the  main  frame,  the 
drive  is  by  bevel  gear  on  to  the  differential  gear,  and  thence  by  the 
well  known  de  Dion-Bouton  cardan  axles  to  each  of  the  rear  wheels. 
The  wheel  bearings  are  connected  together  by  a  bent  tube,  H.  The 
suspension  springs  J  are  serai-elliptic;  the  back  ends  of  the  rear 
ones  are  connected  with  the  tubular  frame  by  leaf  springs,  K  The 
radiator  L  is  carried  low.  The  wheels,  either  cycle  type  or  artillery, 
are  686  cm.  (27  in,)  in  diameter,  the  pneumatic  tyres  are  76  ram. 
(3  in.)  wide,  the  wheel-base  is  170  cm.  (5  ft.  7  in.),  and  the  tread  117  cm. 
00  2 
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(3  ft.  10  ia).  The  standard  body  has  a  single  seat  for  two  persons. 
The  weight  with  body  is  1,370  kg.  (27  cwt.),  and  the  speed  is  anything 
up  to  434  km.  (27  miles)  per  hour. 

The  de  Dion-Bouton  10-h.p.  car  has  the  two-cylinder  motor 
^  described  on  p.  221,  and  the  change-speed  gear  described  on  p.  403. 
The  interesting  system  of  suspension  consists  of  semi-elliptic  springs 
at  the  rear  with  their  forward  ends  connected  to  the  tubular  main 
frame,  and  their  other  ends  carried  by  an  inverted  transverse  spring, 
whose  centre  is  rigid  with  the  frame.  The  forward  ends  of  the  front 
semi-elliptic  springs  are  pivoted  to  a  horn  piece  projecting  forward 
and  downward  fi'om  the  side  members  of  the  frame,  whilst  the  back 
ends  are  held  by  swinging  links  to  short  curved  leaf  springs  projecting 
forward  and  downward  from  the  step  bracket. 

Darracq  cars  arc  of  8-h.p.  one  -  cylinder,  12-h.p.  two  -  cylinder, 
and  20-h.p.  four  -  cylinder.  The  12-h.p.  car  has  a  wooden  main 
frame  with  steel  flitch  plates  strengthened  with  corner  pieces  and 
an  angle  steel  underframe  carries  the  motor  and  change-speed  gear. 
The  general  arrangement  of  this  and  of  the  8-h.p.  car  is  the  same 
as  in  the  20-h,p.  car,  which  has  a  stamped  steel  frame  and  under- 
frame,  the  former  having  corner  pieces,  and  the  semi-elliptic  sus- 
pension springs  are  long  and  nearly  straight.  The  motor  has 
mechanically  operated  inlet  and  exhaust  valves,  the  former  on  the 
right  and  the  latter  on  the  left  hand  side  of  the  cylinder  heads. 
In  the  crank  chamber  are  enclosed  cam  shafts,  governor,  and  gear 
wheels,  and  beneath  the  front  end  of  the  crank-shaft  is  a  water 
circulating  pump  driven  by  spur  gearing.  A  cone  friction  clutch 
drives  the  change-speed  gear,  with  which  there  is  a  direct  through 
drive  on  the  top  speed,  and  thence  the  drive  is  through  a  longi- 
tudinal shaft  and  bevel  gearing  to  the  live  rear  axle.  A  powerful 
brake  with  metal  blocks  acting  on  a  metal  drum  is  fitted  on  the 
driving  shaft  immediately  to  the  rear  of  the  gear  box.  The  rear 
axle,  stiffened  Avith  underneath  stays,  is  kept  in  position  relatively 
to  the  change-speed  gear  by  a  tubular  distance  rod  (this  is  employed 
also  in  the  12-h,p.,  but  not  in  the  8-h.p.  car).  The  radiator  is 
multitubular,  but  in  the  other  cars  is  of  the  flanged  or  gilled  kind. 

The  Decauville  nominal  10-h.p.  car,  as  a  specimen  of  engineering, 
is  in  the  very  front  rank.  Its  design  is  on  thoroughly  good  lines,  and 
the  whole  construction  is  interesting.  The  chassis  is  shown  on  p.  031, 
in  elevation  by  Fig.  675,  in  plan  by  Fig.  676,  and  in  section  by  Fig.  677. 
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A  stamped  steel  main  frame,  A,  supports  at  a  slightly  lower  level 
an  underframe  carrying  the  motor  B,  and  change -speed  gear  C. 
The  two-cylinder  motor  is  described  on  p.  241 ;  the  base  of  its  crank 


Figs.  673  and  674.--Db  Dion- 
BouTON"   *'Populaire" 

VOITURBTTB. 


chamber  is  in  one  piece  with  the  lower  portion  of  the  gear  box.  The 
Sthenos  carburetter  described  on  p.  121  is  employed  ;  the  radiator  1) 
is  of  the  Loyal  type.  The  change-speed  gear  C  is  driven  through 
the  main  clutch  E,  and  a  universally  jointed  longitudinal  shaft,  F, 
drives  the  live  rear  axle  G  H  through  bevel  gearing.     There  are 
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four  speeds  and  a  reverse,  and  at  the  top  speed  there  is  a  direct 
through  -  drive  through  shaft  J ;  at  other  speeds  a  lay  shaft,  K, 
comes  into  use.  In  the  Decauville  four  -  cylinder  16-h.p.  car  the 
lay  shaft  revolves  whenever  the  car  is  in  motion,  whether  in  use  or 
not;  in  the  10-h.p.  car  it  is  inactive  when  not  driving.  In  the 
gear-box  casting  are  gutters  for  catching  the  oil  thrown  up  by  the 
gear  wheels  and  for  leading  it  to  the  bearings.  Thus  lubrication  is 
automatic,  without  the  necessity  of  leading  pipes  to  the  bearings  from 
the  dashboard  lubricator  L.  In  the  design  illustrated  by  Fig.  677 
there  is  a  distance  piece,  M,  serving  to  strengthen  the  axle,  between 
the  latter  and  the  main  frame ;  but  this  has  now  been  replaced  by 
a  strengthening  tube  around  the  longitudinal  driving  shaft,  as  shown 
at  F,  Fig.  675 ;  tube  and  shaft  thus  form  a  strut.  The  bevel  wheels 
connecting  shaft  F  with  the  differential  gear-  have  ball  thrust 
bearings,  and  the  rear  axle  is  a  strong  piece  of  work;  the  tubular 
portions  H,  connecting  the  differential  gear  with  the  road  wheels, 
are  machined  up  from  solid  forgings,  and  besides  carrying  the  sus- 
pension springs  which  support  the  main  frame,  they,  at  their  ends, 
form  the  bearings  for  the  road  wheels.  The  enclosed  axle  shafts  G 
are  turned  up  from  solid  forgings,  and  in  the  16-h,p.  car  the  jaw 
clutches  on  their  outer  ends  are  solid  with  them.  These  jaw  clutches 
are  arranged  so  conveniently  that  the  rear  wheels  can  be  removed 
very  quickly ;  the  clutch  is  in  the  hub  of  the  wheel,  and  forms  the 
end  of  a  shaft  which  can  be  drawn  out  bodily  after  removing  the 
hub  cap.  Then  the  wheel  is  slid  off.  When  replaced  the  jaw  clutch 
shaft  enters  the  boss  of  the  differential  gear-wheel  which  drives  it, 
a  square  being  formed  on  its  inner  end  for  the  purpose.  The  side 
band  brakes  N  in  the  10-h.p.  car  are  appUed  by  a  hand  lever, 
whilst  a  band  brake,  0,  on  the  differential  shaft  is  applied  by  a  pedal 
to  the  left  of  the  driver.  There  is  a  special  lever  for  putting  in  the 
fourth  speed,  another  lever  operating  the  three  lower  speeds  and 
reverse.  In  the  16-h.p.  car  internal  brakes  operated  by  pedal  and 
external  brakes  operated  by  hand  lever  are  fitted  to  the  rear  wheel 
hub,  and  removal  of  the  road  wheels  does  not  disturb  them,  and  a 
single  hand  lever  operates  all  speed  changes.  The  dynamo  P  {see 
also  Fig.  220,  p.  241)  and  automatic  cut-out  are  ingenious;  the  switch 
is  operated  by  a  centrifugal  governor,  Q,  which  completes  the 
electrical  circuit  between  the  dynamo  and  the  accumulators  as  soon 
as  the  motor  speed  is  high  enough  for  charging,  and  which  severs 
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the  connection  when  the  speed  falls.    The  road  wheels  have  pneu- 
matic tyres  whose  outside  diameter  is  about  80  cm.  (315  in.).    The 


Figs.  675  to  677.— Elbvjitcon,  Sectional  Plax.  akd  Sectionai.  Elevation  □ 
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extreme  length  and  width  of  the  car  are  297  m.  and  lfl7  m. 
(9  ft.  9  in.  and  4  ft.  6  in.)  respectively.      The  10-h.p.  car  has  a  top 
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speed  of  60  km.  (36  miles)  per  hour,  and  weighs  empty  680  kg. 
(1,500  lb.),  the  loads  on  front  and  back  axle  respectively  being 
363  kg.  and  318  kg,  (800  lb.  and  700.1b.).  A  petrol  tank  containing 
34  1.  (75  gal.)  is  carried. 

Hautier  modem  cars  arc  in  three  principal  types,  one,  two,  and  four 
cylinder,  and  Figs.  678  to  681  are  elevations  and  plan  of  the  four- 
eylinder  car.  The  motor  is  described  on  p.  247.  The  frame  A  and 
nnderframe  are  of  channel  steel,  and  the  suspension  is  shown.  The 
clutch,  a  special  feature,  is  wholly  metallic,  and  forms  a  variable  trans- 
mission gear  and  speed  reducer.  The  motor  shaft  driving  the  clutch 
revolves  at,  say,  1 ,000  revolutions  per  minute,  but  the  change-speed  gear 


shaft  driven  by  the  clutch  revolves  at  only  200  revolutions.  On  the  end 
of  the  motor  shaft  is  keyed  a  pinion  A,  Figs.  682  and  683 ;  the  change- 
speed  gear  shaft  ends  in  front  with  a  double  arm  carrying  two  loose 
pinions,  B  and  C,  which  gear  with  pinion,  A,  keyed  on  the  motor  shaft. 
The  clutch  shell  D,  nmning  loose  on  the  change-speed  gear  shaft,  has 
an  internal  toothed  ring  whose  teeth  are  always  in  gear  with  the  two 
pinions  B  <J.  As  the  motor  shaft  rotates,  the  pinion  A  drives  the  two 
loose  pinions  B  ('  carried  by  the  transmission  shaft,  but  this  shaft 
itself  is  not  moved  because  the  pinions  are  loose  upon  it.  The  clutch 
shell  1),  itself  loose,  is  driven  by  the  two  small  pinions,  but  there  is  no 
transmission  of  power.  If  now  the  clutch  shell  is  prevented  from 
turning  by  being  gripped  between  jaws,  the  two  pinions  B  C  can  no 
longer  rotate  in  one  place,  and  so  they  are  obliged  to  rim  round  the 
stationary  toothed  ring,  and  to  give  motion  to  the  change-siK;ed  gear 
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shaft  on  whose  double  arm  they  are  carried.  The  relative  diameters 
of  the  pinions  and  the  internal  toothed  ring  decide  the  proportionate 
speeds,  and  Hautier  has  chosen  a  speed  reduction  of  five  to  one.  To 
obtain  progressive  speed,  the  clutch  shell  is  more  or  less  gripped  in 
the  jaws  so  as  to  allow  of  slight  slipping.  In  the  1903  type,  the  clutch 
shell  has  no  longer  a  plain  circumference,  but  has  a  coned  friction 
surface,  as  have  also  the  jaws  A,  Fig.  684.  Tliese  jaws  are  bronze,  and  of 
the  section  indicated  at  B ;  they  engage  in  the  groove  of  the  drum  and 
gradually  grip  it,  the  action  being  similar  to  that  of  a  band  brake. 
The  jaws  are  hinged  at  their  base  C  ;  and  through  their  upper  part  D 
passes  a  shaft,  E,  with  right  and  left  handed  threads,  a  strong  coiled 
spring,  F  (shown  also  in  face  view),  constantly  tending  to  turn  shaft  E 
in  the  direction  to  cause  the  screws  to  bring  the  jaws  together  and  so 
hold  the  clutch  shell  stationary.  The  clutch  pedal  G  actuates  through 
rack  H  a  pinion,  J,  keyed  on  the  end  of  the  shaft  E,  and  this  separates 
the  jaws  and  releases  the  shell  The  spring  pressure  is  easily  regulated 
by  removing  the  box  shown  beneath  the  pedal  G,  Fig.  678.  This 
clutch  works  smoothly .  and  regularly,  and  constitutes  the  most  dis- 
tinguishing feature  of  the  Hautier  system. 

Further  details  of  the  Hautier  car  may  now  be  given  :  The 
flywheel  B  is  forward  of  the  motor,  and  acts  as  a  ventilating  fan  to 
force  a  current  of  air  through  the  radiator  tubes  C,  Figs.  678  to  680. 
Its  massive  rim  is  pierced  with  six  slanting  channels,  and  it  drives  the 
air  in  a  direction  opposite  to  that  in  which  the  car  travels,  so  as  to 
produce  a  counterblast  which  causes  an  intense  draught  on  the  radiator 
tube  flanges.  Only  10  1.  (2'2  gals.)  of  water  need  be  carried  for  cooling 
the  four  cylinders  D.  The  water  reservoir  E  is  in  front  above  the 
radiator,  and  water  descends  into  the  centrifugal  pump  F,  placed  in 
the  centre  of  the  radiator.  The  pump  shaft  is  also  the  actual  motor 
starting  shaft.  The  pump  is  of  cast  steel  with  bronze  rings,  and  has 
long  arms  resting  on  the  frame  and  supporting  the  radiator.  The 
pump  forces  the  water  to  the  centre  of  the  two  groups  of  cylinders  at 
H,  and  leaves  the  cylinders  at  the  heads  through  metal  pipes,  which 
are  joined  by  pieces  of  rubber,  J,  capable  of  resisting  the  highest 
temperatures  likely  to  occur.  Other  details  of  the  Hautier  car  will  be 
largely  apparent  from  the  side  elevation.  Fig.  678;  the  plan,  Fig.  679:  the 
sectional  elevation.  Fig.  680,  and  the  front  elevation,  Fig.  681.  in  which 
the  letter  references  not  yet  explained  are  as  follows :  K,  magneto 
driven  by  pinion  L ;  M,  motor  governor ;  N,  exhaust  pipe  and  muftier ; 
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0,  petrol  reservoir  carburetter  with  filling  plug ;  P,  brake  pedal 
operating  the  side  band  brakes  through  the  cross  rope  R ;  S, 
accelerator  pedal ;  G,  clutch  pedal ;  T,  change-speed  gear  case  with 
U,  longitudinal  and    universally  jointed    shaft   driving  the 


cover 


differential  gear  on  the  live  rear  axle  V  ;  W,  hand  lever  operating 
band  brake  X  on  the  driving  shaft  U ;  Y,  change-speed  lever ;  Z,  front 
steering  axle  bowed  downwards ;  6,  motor  supports  ;.  c,  tubular 
cradle ;   d,  mixture  controlling  handle ;  and  e,  spark  advancing  or 


Fig.  684.— Havtiee  Clutch 
Jaws. 


retarding  handle ;  both  of  these  handles  are  mounted  on  the  inclined 
steering  column. 

Eagle  light  cars  with  8  or  9-h.p.  single-cylinder  motor  or  12-h.p. 
two-cylinder  motor  have  a  tubular  frame  suspended  above  the  axles 
by  semi-elliptic  springs,  whose  inner  ends  are  carried  upon  the  ends 
of  inverted  springs  of  a  similar  shape  fixed  centrally  to  the  main 
frame,  there  thus  being  three  springs  beneath  each  side  member  of 
the  frame.  The  motor  is  in  front,  and  the  transmission  is  by  longi- 
tudinal shaft  and  live  rear  axle.  The  epicyclic  change-speed  gear 
gives  two  forward  speeds  and  a  reverse.  Only  one  set  of  planet 
wheels  gives  the  low  forward  speed  and  reverse,  and  the  entire 
mechanism  revolves  as  one  piece  in  self-aligning  spherical  bearings 
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on  the  top  speed.  There  is  a  separate  lever  for  forward  speeds, 
reverse,  and  compensated  band  brakes  on  the  rear  wheels.  Water 
circulation  is  natural,  and  the  front  multitubular  radiator  is  some- 
what on  Mercedes  lines.  The  steering  arm  has  only  one  arm  con- 
necting the  rim  with  the  hub.  A  wick  carburetter  is  employed,  and 
the  petrol  tank  forms  the  dashboard,  being  in  the  9-h.p.  car  of 
22-7  1.  (5  gal.)  capacity. 

The  Holcar  20-h.p.  car  is  another  radical  departure  ;  the  four 
motor  cylinders  are  separate  castings,  arranged  in  pairs,  one  pair  being 
inclined  to  the  other,  an  angle  of  90°  being  formed  between  them. 
The  two-throw  crank  has  its  crank  pins  at  180°  from  one  another. 
A  centrifugal  force  governor,  mounted  on  a  separate  shaft,  controls 
four  interconnected  throttle  valves,  one  for  each  cylinder.  A 
distinguishing  feature  of  the  car  is  the  radiator,  this  consisting 
of  a  large  number  of  small  bore  tubes  forming  the  bottom  of  the 
bonnet,  and  also  passing  over  it  against  the  dash.  The  main  clutch 
gives  a  double  grip,  and  normally  does  not  impose  any  end  thrust 
on  the  moving  parts  ;  on  putting  it  out  of  action,  a  brake  in 
conjunction  with  it  is  applied  automatically.  A  single  lever 
operates  the  two  forward  speeds  and  reverse,  and  there  is  a  direct 
through  drive  on  the  top  speed,  for  which  all  the  gear  wheels  are 
in  mesh,  there  being  no  lay  shaft.  The  drive  from  gear-box  to 
live  rear  axle  is  through  a  universally  jointed  shaft,  and  there  is 
a  central  radius  rod.  The  steering  pillar  can  be  so  moved  that  its 
angle  with  the  main  frame  can  be  altered  at  will. 

Horbick  cars  of  8-h.p.  and  10-h.p.  have  tubular  main  frames  and 
channel  steel  underframes,  the  latter  carrying  the  two-cylinder 
motor  and  gear  box.  Transmission  is  by  lon^tudinal  shaft  and 
bevel  gearing  to  a  live  rear  axle ;  and  in  the  10-h,p.  car  there  is  a 
spring  cushion  in  the  small  part  of  the  clutch,  which  is  of  the 
expanding  type.  The  gear-box  bearings  have  lubricators,  chains 
replacing  the  ordinary  rings.  There  is  a  neat  telescopic  coupling 
on  the  longitudinal  driving  shaft.  The  levers  on  the  steering 
pillar  regulating  the  mixture  and  ignition  through  Bowden  wires, 
project  from  small  friction  discs,  fitting  against  flat  faces  aiid 
pressed  up  against  them  by  an  adjustable  nut.  The  wii^es  leading 
to  the  ignition  plugs  are  connected  to  spark  gaps  enclosed  in  a 
glass-fronted  case  on  the  dash,  the  current  sparking  across  them 
on  its  way  to  the  cylinders. 
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Huraber  cars  are  made  in  two  sizes,  12  and  20-h.p..,  and  the 
resemblance  between  the  two  is  great.  The  20-h.p.  chassis  is  shown  by 
Fig.  085,  and  its  tubular  frame  does  not  differ  greatly  from  that  shown 
by  Figs.  522  and  523,  p.  483.  The  change-speed  gear  box  is  supported 
by  an  inner  and  lower  frame  forming  a  cradle  to  which  the  box  is 
attached  by  four  nuts ;  on  removing  these  the  whole  may  be  lowered 
to  the  ground  without  interfering  with  either  gear  or  with  the  body. 
The  front  suspension  spring  is  transversal,  and  the  back  semi-elliptic 
springs  are  at  the  side  as  usual ;  two  horizontal  tie-rods  extend  from 


the  bottom  of  the  cradle  to  the  rear  axle.  The  drive  from  the  motor 
{see  p.  230)  is  through  an  aluminium  cone  clutch  and  flexible  shaft  to 
the  gear  box  (the  change-speed  gear  is  of  the  sliding  spur  wheel  type), 
thence  through  a  longitudinal  shaft  and  bevel  gearing  to  the  differ- 
ential of  the  live  rear  axle ;  the  suspension  springs  here  are  relieved 
of  twistii^  strains  by  an  arrangement  of  tic-rods  and  guide  box,  whilst 
the  thrust  due  to  the  bevel  wheels  is  taken  up  by  a  ball  race  and  an 
adjustable  thrust  bearing  on  the  end  of  the  driving  shaft.  Steering  is 
by  worm  and  segment.  Tiie  radiator  is  either  of  the  gilled  type  or 
honeycomb  type,  and  in  cither  case  swings  down  whilst  the  bonnet 
swings  up  to  allow  of  free  access  to  the  motor.  The  wheel  base  is 
2  9  m.  (9  ft.  6  ia),  the  track  129-5  cm.  (4  ft  3  in.),  and  the  weight  alwut 
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1,070  kg.  (21  cwt).     A  description  of  the  12-h.p.  car  is  unnecessary, 
as  in  all  essential  constructive  details  it  is  the  same  as  the  larger  car. 

The  Packard  four-cylinder  car  (Figs.  686  and  687)  more  nearly 
conforms  to  European  practice  than  does  the  car  with  one-cylinder 
motor  as  described  on  p.  673.     It  has  a  wood  and  steel  frame,  an 
underframe  carrying  the  motor  in  front,  a  cone  clutch  with  a  usual 
form  of  drive,  a  gear  box  giving  four  forward  speeds  and  a  reverse, 
and  a  longitudinal  driving  shaft  driving  the  live  rear  axle  through 
bevel  gearing,     The  carburetter  has  one  float  chamber,  but  it  has  two 
mixing  chambers,  one  for  each  pair  of  cylinders.  The  motor  cylinders, 
bore  101-6  mm.  (4  in.),  stroke  127  mm.  (5  in.),  and  speed  1,000  revo- 
lutions per  minute,  are  cast  in  pairs  separately  from  their  jackets, 
the  four-throw  crank -shaft  is  of  nickel  steel,  ignition  is  by  jump  spark, 
current    coming  from   accumulators,    and    a    centrifugal    governor 
controls  both  ignition   and  inlet  throttle.     A  hand  sector  on  the 
steering  wheel  operates    an   accelerator.     Other  features   resemble 
European  practice.     The  wheel-base  is  234  m.  (92  in.). 
The  Phoenix  car  is  briefly  noted  on  p.  600. 
The  Prosper  Lambert  light  car  or  voiturette  has  a  channel  steel 
frame  whose  comers  are  strengthened  with  angle  plates  and  pro- 
jecting spring  horns.     A  channel  steel  .inner  frame  on  the  same  level 
carries  a  10-h.p.  one  -  cylinder,  vertical,  water -jacketed  motor  with 
atmospheric  inlet  valves,  and  centrifugal  force  governor  acting  on  the 
throttle.    In  the  gear  box,  the  first-motion  shaft  is  just  above  the 
second-motion  shaft,  and  the  three  forward  speeds  are  operated  by  a 
single  side  lever,  the  reverse  being  brought  in  by  a  handle  on  the 
steering  pillar.     The  main  clutch  drives  through  a  flexible  coupling 
the  change-speed  gear  from  which  the  live  rear  axle  is  driven  by  a 
universally  jointed  shaft.    A  metal-to-metal  brake  on  the  second- 
motion  shaft  is  applied  by  a  pedal,  and  internal  compensated  side 
brakes  are  applied  by  a  side  lever.    The  front  axle  is  tubular.    On  the 
front  of  the  dash  is  a  water  tank,  and  a  positively  driven  pump 
circulates  the  water  through  a  front  radiator.    A  petrol  tMik  is  under 
the  seat.    The  front  wheels  and  live  rear  axle  have  ball  bearings,  and 
the  standard  vehicle  has  wire  wheels. 

The  Renault  1903  standard  cars  are  of  10  and  14-h.p.  respectively. 
The  former  has  a  wheel-base  of  201  cm.  (791  in.),  its  wheels  are 
80  cm.  (31*5  in.)  in  diameter,  and  it  has  85  mm.  (3*34  in.)  tyres ;  the 
latter  has  a  wheel-base  of  202  cm.  (795  in.),  its  wheels  are  90  cm. 
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(35-4  in.)  in  diameter,  and  it  has  90  mm.  {3-54  in.)  tyres.  The 
following  details,  however,  apply  to  both  of  the  ears : — The  frame  is  of 
54  mm.  (212  in.)  diameter  steel  tubing,  strengthened  with  truss  rods, 
and  an  imderframe  carries  the  motor  and  gear  box.    The  width  over 
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Bide  tubes  is  81 -cm.  (31*9  in.)  and  the  wheel  gauge  is  102  cm. 
(401  in.).  The  10-h.p.  motor  has  two  cylinders  and  the  14-b.p. 
motor  four,  and  in  each  case  the  governor  throttles  the  inlet,  and 
ignition  is  high-tension  electric,  the  plugs  being  mounted  between  the 
valve  chambers  and  the  cylinders,  and  the  electrical  connections 
being  made  to  them  by  knife  switches.  The  smallor  motor  has  atmo- 
Bpheric  inlet  valves ;  the  lai^r  one  has  mechanically  operated  inlet 
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valves  on  the  same  side  as  the  exhaust  valves.  Steel  tie  rods  are 
titled  from  the  brackets  which  carry  the  rear  ends  of  the  front 
springs  down  through  the  step  brackets,  and  up  from  there  to  the 
main  frame  above  the  rear  axle.  The  main  clutch,  of  the  internal 
cone  type,  transmits  motion  to  the  change-speed  gear,  and  thence  a 
universally  jointed  longitudinal  shaft  takes  the  drive  to  the  live  rear 
axle.  The  change-speed  gear  with  its  operating  mechanism  is 
described  in  detail  on  p.  390.  A  forked  distance  rod,  whose  ends  are 
connected  to  top  and  bottom  of  the  differential  gear  casing,  is  pivoted 
at  its  other  end  by  a  ball-socket  joint  to  a  tube  projecting  downwards 


Fig.  688.— Thobntcroft  Petrol  Cah. 
from  the  centre  of  the  main  frame.     A  pedal  operates  a  steel-to-steel 
brake  mounted  inside  the  rear  axle  bevel-drive  casing,  and  the  aide 
brakes  are  of  the  internal  type  and  quite  closed  in. 

Richard  cars  are  described  on  p.  614. 

The  Ridley  voiturette,  with  tubular  frame  and  4r^-h.p.  Bucliet 
water-cooled  motor,  has  two  forward  speeds,  provided  by  bevel  gears 
driving  the  live  rear  axle,  the  bevels  having  skew  teeth,  owing  to 
the  axis  of  those  on  the  driving  shaft  being  above  the  axis  of  the 
live  axle.     "  Free-wheel  "  clutches  replace  the  differential  gear. 

The  Swift  voiturette  has  a  frame  of  tubular  steel  filled  with  ash, 
and  rigid  with  the  back  axle,  being  carried  in  front  upon  semi-elliptic 
springs ;  it  has  four  transverse  tubes,  to  the  two  foremost  of  which  is 
clipped  the  4i-h.p.  high-speed  single  cylinder  motor,  which  is  connected 
by  a  flexible  coupling  to  a  speed-reducing  gear,  whose  casing  is  clipped 
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to  the  third  cross  tuba  The  ingenious  system  of  change-speed  gear, 
arranged  entirely  round  the  live  rear  axle,  is  described  in  detail  on 
p.  411.  A  differential  is  dispensed  with,  and  instead  there  is  a  pawl- 
and-rachet  device  in  the  hub  of  each  driving  wheel. 

Thornycroft  petrol  cars  are  particularly  simple  in  construction. 
Fig.  688  is  a  phot<^raphic  view  of  the  10-h.p.  tonneau,  whilst  the  line 


drawings.  Figs.  G89  and  090,  show  the  20-h.p.  car ;  the  respective  motors 
are  described  on  p.  222,  and  the  two  cars  are  practically  alike  except  in 
power  and  size.  The  motor  A  is  carried  on  an  underframe  B  suspended 
from  the  main  frame  C  {both  are  ot  channel  steel),  in  front  being  the 
rarliator  D  and  at  baelt  the  Hywhoel  clutch  E,  through  which  the 
motor  drives  the  change-speed  gearing  F  and  rear  road*wheels,  the 
latter  by  means  of  a  longitudinal  shaft  G  and  bevel  gearing.  Current 
for  the  high-tension  ignition  is  supplied  by  accumulators  or  djnitmo  H  ; 
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when  a  dynamo  is  used  an  accumulator  is  employed  at  starting  and  then 
is  cut  out  automatically ;  to  prevent  the  dynamo  armature  being  driven 
at  too  great  a  speed,  a  centrifugal  force  governor  on  the  dynamo  spindle 
controls  a  friction  clutch  arranged  between  the  spindle  and  the  driven 
pulley,  the  dynamo  being  belt-driven  from  the  crank-shaft.  The  main 
clutch  £  has  two  friction  pads,  leather  or  fibre  covered,  maintained 
in  pressure  contact  with  the  flywheel  by  a  powerful  helical  spring 
round  the  main  driving  shaft;  the  spring  acts  through  a  special 
balancing  device  which  ensures  that  the  friction  pads  are  pressed  out- 
wards equally  against  the  internal  surface  of  the  flywheel.  The 
centrifugal  tendency  of  the  pads  is  compensated  by  a  pair  of  adjusted 
weights,  so  that  the  pluteh  can  be  withdrawn  by  a  light  pressure  of  the 
foot  on  the  pedal  whatever  the  speed  of  the  motor.  The  "  striking 
bar "  passes  through  the  upper  part  of  the  aluminium  gear  box  F ; 
when  placed  near  the  bottom  of  the  box,  as  in  some  cars,  there  is  a 
leakage  of  lubricating  oil.  The  three  forward  and  one  reverse  speeds 
are  operated  by  lever  J ,  and  there  is  a  direct  through  drive  on  the  top 
speed.  The  divided  rear  axle,  encased  in  a  tube  K  and  carried  in  two 
phosphor-bronze  bushes,  is  stiffened  by  a  pair  of  steel  stays  connecting 
the  base  of  the  gearcase  with  the  ends  of  the  axle  tubes,  thus  forming 
a  deep  truss  and  giving  very  strong  construction,  and  the  axle  itself  is 
relieved  from  all  bending  stress.  Suspension  springs  are  semi-elliptic 
and  the  artillery  wheels  have  Clipper- Michelin  tyres  80  cm.  (315  in.) 
in  diameter  and  85  mm.  (3S'5  in.)  wide.  The  clutch  E  is  controlled  by 
pedal  L,  and  a  double-acting  band  brake  M  on  the  longitudinal  driving 
shaft  is  applied  by  pedal  N.  The  side  brakes  0  are  applied  by  lever 
P.  The  starting  handle  is  shown  at  Q.  The  10-h.p.  car  weighs  660  k^. 
(13  cwt.)  and  the  20-h.p.  car  762  kg.  (15  cwt.) 

The  Traveller  voiturette  (AUdays  &  Onions)  is  shown  in  side  eleva- 
tion and  plan  by  Figs.  691  and  692.  The  main  frame  A  is  weldless 
steel  tube  ^nd  has  three  transverse  members  B.  These  tubes  are  all 
in  the  same  horizontal  plane,  and  are  connected  together  by  brackets, 
as  in  cycle  construction.  The  frame  is  carried  at  the  rear  upon  the 
stationary  tube  C  surrounding  the  live  axle,  and  it  is  suspended  above 
the  front  axle  by  semi-elliptic  side  springs ;  it  carries  all  the  driving 
mechanism,  whilst  the  body  is  carried  at  the  back  by  rearwardly  pro- 
jecting cee-springs  D  fixed  to  the  main  frame,  and  it  is  attached  in 
front  through  brackets  E  pivoted  to  the  tubes  A.  The  body  is,  there- 
fore, suspended  on  front  and  rear  springs  above  the  axles,  although  it 
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is  hinged  direct  to  the  frame  in  front.  The  steering  gear,  of  the  inclined 
pillar  and  wheel  type,  is  rigid  with  the  frame,  and  the  steering  wheel 
F  has  consequently  a  certain  amount  of  movement  relatively  to  the 
driver's  seat ;  this  feature  is  somewhat  of  a  drawback  to  methods  of 


Figs.  691  and  C9!.— Elivation 
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suspension  of  this  kind,  but  the  resulting  discomfort  to  the  driver  is 
only  trifling,  and  the  cost  of  construction  is  considerably  reduced.  The 
vertical  single-cylinder  high-speed  motor  G  is  fixed  to  the  main  frame 
under  the  driver's  seat,  its  crankshaft  projecting  to  the  left ;  the  bore  is 
85-7  mm.  (3375  in.)  and  the  stroke  is  825  mm.  (3  25  in.).  The  cylinder 
wall  has  radiating  ribs,  whilst  the  head  is  water  cooled.  The  atmo- 
p  p  2 
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spheric  inlet  valve  has  a  visible  spring.  The  built-up  crankshaft  carries 
two  flywheels  enclosed  in  the  crank  chamber.  The  power  is  4-h.p.  at 
1,500  revolutions  a  minute.  The  float-feed  spray  carburetter  H  has 
a  throttle  valve,  worked  by  a  lever  mounted  on  steering  pillar  J. 
Two  other  levers  are  also  fitted  to  the  pillar,  in  addition  to  K, 
which  controls  the  change-speed  gear ;  one  regulates  ignition  and 
the  other  controls  the  supply  of  auxiliary  air  to  the  working  cylinder. 
The  cooling  water  tanks  form  the  sides  of  the  body  at  the 
rear,  and  are  cast  with  a  ribbed  external  surface ;  circulation  is  on  the 
thermo-syphon  principle,  no  pumps  being  necessary  since  the  tanks 
are  at  a  higher  level  than  the  cylinder  head.  The  sliding  spur  wheel 
change-speed  gear  L  is  encased.    The  motor  is  connected  to  the  first 
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Figs.  693  and  694. — Trateller  Flexible  Coupldjo. 


motion  shaft  M  through  a  flexible  coupling  formed  by  a  flange  on  the 
latter  carrying  two  projecting  pins,  which  engage  in  corresponding 
slots  in  a  flange  fixed  to  the  crank-shaft  (see  Figs.  693  and  694)  in  which 
A  is  the  block  or  flange  on  the  first-motion  shaft  B,  C  is  the  pins,  D  the 
crankshaft,  E  the  disc  containing  the  slots,  and  F  the  clutch).  The  gear- 
box L  is  in  three  pieces,  and  is  secured  to  a  cross-tube  of  the  main 
frame  and  to  the  tube  around  the  rear  axle.  The  cone  clutch  between 
crankshaft  and  first  motion  shaft  is  operated  by  pedal  N,  which  also 
applies  band  brake  O  around  the  differential  gear.  The  power  is  trans- 
mitted from  the  change-speed  gear  to  the  rear  live  axle  (carried  in  four 
ball  bearings)  by  a  pinion  on  the  right-hand  end  of  the  second  motion 
shaft  engaging  with  a  larger  spur  wheel  surrounding  the  differential  gear- 
ing. The  t^vo  halves  of  the  rear  axle  are  enclosed  in  outer  tubes  C  rigid 
with  casing  P  surrounding  the  differential ;  a  coil  brake  encircles  its 
shell.  The  change-speed  gear  is  operated  by  horizontal  lever  K  carried 
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on  the  steering  pillar.  A  side  lever  Q  operates  band  brake  R  on  the 
secoiiri  motion  shaft ;  this  lever  has  a  pawl  which  engages  with  a 
toothed  rack  and  holds  the  lever  tn  any  desired  position.  The  9  1. 
(2  gal.)  petrol  tank  is  tixcd  behind  the  front  seat,  and  beside  it  is  TT  1, 
('i  pt)  lubricating  oil  tank.  A  grease  cup  on  the  second  motion  shaft 
between  gear  box  and  driving  pinion  contains  solid  lubricant  which 
automatically  feeds  the  shaft  if  this  becomes  heated.  The  road  wheels 
are  of  the  cycle  type  and  have  Clipper  tyre&  The  body  seats  two  at 
the  back  and  one  in  the  front.  The  speed  may  be  anything  between 
4'8  and  3S-6  km.  (3  and  24  miles)  an  hour,  and  the  weight  is 
exceedingly  low,  between  254  and  279  kg.  {5  and  H-5  cwt). 


Fig.  686, — Elbtaiiox  op  Vflox  Cab. 

The  Velox  car  is  among  the  most  advanced  of  British  cars.  The 
general  appearance  of  the  car  is  indicated  by  Fig.  C!)5,  and  Fig.  69l> 
gives  a  photi^raphic  view  of  the  chassis.  The  tubular  frame  is  stiffened 
with  stays,  and  four  brackets  carry  the  motor,  whose  crank  chamber 
has  four  feet  which  are  bolted  to  the  bracket.  The  gear  box  is  sup- 
ported by  two  longitudinal  tubes,  themselves  carried  by  cross  tubes ;  it 
can  be  bodily  removed  by  taking  off  four  nuts.  Between  the  gearing 
and  the  motor  clutch  is  a  flexible  coupling,  this  coupling  (see  p.  498) 
being  a  feature  of  this  car.  The  frame  is  carried  back  and  front  on 
semi-elliptic  springs,  but  the  back  ones  are  not  pivoted  direct  to  the 
frame ;  instead,  guide  forks  solid  with  the  spring  plates  which  hold 
the  springs  to  the  axle,  prevent  the  rear  axle  from  moving  in  any 
but  an  up-and-down  direction.  The  guide  forks  slide  in  square 
sockets  rigid  with  the  frame,  thus  providing  a  kind  of  horn  plate. 
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Rubber  blocks  above  the  spring  plate  serve  to  cushion  the  blow  in 
the  event  of  the  wheel  rising  more  than  a  certain  distance  on  an 
exceptionally  bad  road.  Springs  normally  hold  the  distance  rods 
in  their  proper  position  relatively  to  the  axle,  but  allow  the  pin 
about  which  they  are  fitted  to  slide  lengthwise  if  necessary;  thus 
the  distance  rods  are  not  pivoted  direct  to  the  axle.  The  longi- 
tudinal shaft  which  transmits  the  power  from  the  spring-drive  device 
outside  the  gear  box  (see  p.  497)  to  the  live  axle  bevel  gearing  allows 
for  any  relative  movement  between  axle  and  frame.  The  distance 
rods  curve  outwardly  towards  the  axle.  The  nominal  12-h.p. 
motor  (16  brake-h.p.  has  four  cylinders  of  92  mm.  (3"625  in.) 
bore  and  101  "6  mm.  (4  in.)  stroke,  the  speed  being  900  revolutions 
per  minute.  Each  pair  of  cylinders  is  a  separate  casting  with 
the  heads,  valve  chambers  and  jackets,  the  last-named  having 
dome  tops  held  down  by  a  single  bolt.  The  induction  valves  are 
atmospheric,  the  carburetter  has  the  usual  float  feed,  and  the  high 
tension  ignition  plugs  fit  into  the  side  walls  of  the  valve  chamber 
between  the  inlet  and  exhaust  valves.  There  is  provision  for  auxiliary 
tube  ignition.  A  centrifugal  force  govemoi:  in  the  cam  shaft  gear 
wheel  operates  two  throttle  valves ;  an  accelerator  operated  by  a  lever 
may  prevent  the  action  of  the  governor,  and  speed  may  then  rise  to 
1,500  revolutions  per  minute.  The  longitudinal  driving  shaft  ext<)nd- 
ing  from  the  sliding  spur  wheel  gear  box  to  the  live  axle  differential, 
carries  a  combined  brake  and  spring  cushion  device  which  is  described 
in  detail  on  p.  497 ;  there  are  the  usual  double-acting  side  brakes.  The 
steering  gear  is  described  on  p.  447,  its  point  of  interest  being  the 
capability  of  easily  adjusting  the  angle  of  the  pillar  to  suit  the  driver. 
The  inner  one  of  the  levers  shown  in  the  view  of  the  chassis  (Fig. 
696)  operates  the  change-speed  gear,  and  the  outer  one  the  side  brakes; 
whilst  the  inner  of  the  two  pedals  operates  the  friction  clutch  (con- 
tained in  the  flywheel),  and  the  outer  one  the  band-brake  mounted  on 
the  transmission  gear.  The  foot  plates  on  the  pedals  can  be  adjusted 
to  any  angle  that  suits  the  driver ;  the  plates  are  pivoted  at  the  bottom 
to  the  pedal  arm,  and  slotted  quadrants  project  from  their  upper  sides 
in  such  a  manner  that  they  can  be  rocked  to  the  desired  angle  before 
being  fixed  in  position  by  a  bolt  passing  through  the  slot.  A  hand  sector 
working  in  conjunction  with  a  third  pedal  regulates  the  motor  speed 
and  the  accelerator.  There  is  a  separate  lever  for  ignition,  a  commutator 
chain-driven  from  the  cam  shaft  is  mounted  on  the  dash,  and  the 
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icduction  coil  and  lubricator  are  on  the  dashboard.    An  aluminium 

two  -  chamber    exhaust 

box  is  fixed  belo       ' 

rear  tube  of  the 

A  27  1.  (6  gall.) 

tank   holding  suf 

for  a  240  km.  (150 

run  is  beneath  the 

seat.    A   radiator 

the  front  of  the  b( 

it  consists  of  two  vi 

rows  of  Clarkson 

(steel  tubes  insidt 

coils)  held  in  a 

forming  a  water  spa 

and  bottom,  the  to 

having  a  filling  caj 

hind  it  is  a  fan  witl 

blades  driven  off 

the  front  end  of 

the  crank- shaft. 

In      addition, 

there  is   a  ribbed 

stayed  copper  watei 

below  the  radiatoi 

through    a    hole 

passes    the    stai 

handle.    The  whee 

is  260  cm.  (8  ft.  I 

the  track  130  cm. 

3  in.),  the  height 

ground  to  main  fra 

61  cm.  2  ft),  the  > 

ance  between  mechi 

and  road  is  233  c 

in.),  overall  length,  ■ 

and  height  without 

are  365 m.,  145  cm., and 

137  cm.  (12  ft,  57  in.,  and  64  in.)  respectively,  and  the  weight  ia 
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812  kg.  (16  cwt.)  The  artillery  wheels  are  81*3  cm.  (32  in.)  in 
diameter,  and  have  Dunlop  tyres. 

The  Wartburg  is  a  German  car  made  in  five  sizes  ranging  from 
5-h.p.  two  cylinder  to  a  22-h.p.  four-cylinder.  The  smallest  car  has 
the  motor  at  the  back  and  a  dummy  bonnet  in  front :  all  the  rest  have 
the  motor  in  front.  The  distinctive  feature  is  the  method  of  suspen- 
sion. The  tubular  frame  work  carries  the  body  in  front  by  hinges  on 
each  side,  and  at  the  back  by  short  semi-elliptic  springs.  There  are  no 
springs  between  the  frame  and  rear  axle,  and  the  body  is  free  to 
move  on  the  front  hinges.  The  front  cross  tube  of  the  frame  projects 
and  terminates  in  vertical  sockets  forming  the  bearings  for  the  steer- 
ing heads  of  the  front  wheels.  The  sockets  are  free  to  slide  up  and 
down  on  the  steering  heads,  at  whose  upper  ends  are  thimbles,  between 
which  a  leaf  spring  passes  across  the  front  of  the  car.  The  frame  and 
the  body  are  supported  by  this  spring,  and  a  swinging  link  passes 
downward  from  its  centre  to  the  front  tube  of  the  frame.  The  sockets 
in  which  the  steering  heads  move  take  a  bearing  upon  a  slide  inside 
the  thimbles  at  the  top  of  the  heads,  and  they  take  any  tendency  which 
there  may  be  for  the  front  wheels  to  move  over  sideways. 

Attention  is  now  directed  to  cars  with  live  axles  and  chain 
transmissions.  The  Belsize  20-h.p.  car  with  such  a  system  of 
transmission  has  been  mentioned  (see  p.  624). 

The  Protos  car  has  a  very  simple  chain  transmission  from  the 
change-speed  gear  (see  p.  406)  to  a  sprocket  ring  surrounding  the 
differential  on  the  live  rear  axle,  as  shown  in  the  plan  view  of  the 
chassis  (Fig.  697).     This  is  in  the  style  of  the  light  steam  cars. 

The  Motobloc  car  is  a  radical  departure,  in  which  the  chief  object 
has  been  to  condense  the  driving  mechanism  into  as  small  a  space  as 
possible.  The  two  cylinders  of  the  10-h.p.  motor  cast  in  one  piece 
are  bolted  at  an  angle  of  about  45^  to  the  crank  chamber,  which  is  in 
one  piece  with  the  gear  box,  and  the  cylinders  project  upwardly  and 
forwardlv  beneath  the  dash.  Both  inlet  and  exhaust  valves  can  be 
removed  entirely,  together  with  their  seats.  The  normal  speed  is 
1,000  revolutions  per  minute.  Outside  the  large  casing  on  the  one 
side  is  the  main  clutch  and  on  the  other  the  flywheel,  and  the  power 
is  transmitted  from  the  gear  box  (which  gives  three  forward  speeils 
and  a  reverse)  by  a  single  chain  on  the  right-hand  side  near  the 
main  frame. 

The  Kitto  8-h.p.  light  car  of  American  manufacture  has  a  381  mm. 
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(IS  in.)  angle  "iron  frame,  wcldetl  at  the  corners, carried  upon  elliptical 
springs.  The  live  rear  axle,  driven  hy  a  single  chain  from  the  change- 
speed  gear  countershaft,  has  roller  bearings,  and  both  it  and  the  front 
axle  are  tubular,  and  are  stiffened  with  trusses.  The  711  cm.  (28  in.) 
wood  wheels  have  pneumatic  tyres.  The  motor  has  two  vertical 
cylinders  of  89  mm.  (35  in.)  bore  and  stroke,  each  cylinder  being  a 
separate  casting  with  water-jacket  and  head.  'Ignition  is  high-tension 
electric,  and  the  carburetter  has  a  float-feed.  A  cone  friction  clutch 
connects  the  motor  to  the  sliding  spur-wheel  change-speed  gear,  which 


Fig.  697. — Plas  of  Chassis  of  Photos  Gar. 

gives  three  forward  speeds  and  a  reverse,  the  drive  on  the  top  speed 
being  direcL  Beneath  the  front  hinged  seat,  cop|)er  tanks  of 
22'7  L  and  18  L  (5  and  4  gall.)  capacity  respectively  hold  the  petrol 
and  water. 

The  Orient  is  a  typical  American  light  runabout  car.  weighing 
only  5!7  kg.  (1,140  lb.).  The  wrought  steel  frame  with  the  double 
Bupension  carries  the  single-cylinder  water-cooled  motor  of  4  or  8-h,p. 
The  8-h.p.  motor  is  of  101  6  mm.  (4  in.)  bore,  and  114-3  mm.  (4*5  in.) 
stroke,  the  normal  speed  being  between  1,200  and  1,500  revolutions  per 
minute,  the  maximum  being  2,400  ;  its  weight  is  C3  5  kg.  (140  lb.). 
Tubular  radius  rods  or  braces  connect  the  rear  a-\le  to  the  motor 
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"hangers"  in  line  with  the  shaft.  The  motor  shaft  carries  the  change- 
speed  gear  wliich  is  on  the  band  brake  principle,  and  gives  two  forward 
s]jeeds  and  a  reverse,  the  drive  on  the  top  speed  being  direct.  Trans- 
mission is  by  chain  from  a  sprocket  on  the  motor  shaft  to  a  sprocket 
ring  surrounding  the  live  axle  differential,  which  is  of  the  planet 
wheel  type.  Circulation  is  effected  by  a  pump,  friction-driven  Irom 
the  motor  flywheel  The  overall  length  of  the  car  is  28  m. (9  ft.  2  in.), 
the  width  1-55  ra.  (5  ft.  1  in),  the  wheel  base  203  m.  (6  ft.  8  in.), 
and  the  tread  142  m.  (4  ft.  H  in.),  the  wheel  diameter  being  762  cm, 
(30  in.)  Fi-i.  698  shows  an  Orient  production  known  as  a  buckboard. 
The  following  cars  belonging  to  the  live  axle,  chain  transmission 
type  require  more  particular  mention. 


Cottereau  cars  are  of  7-h.p.,  10-h.p.,  and  16-h.p.,  the  first  two 
having  the  motor  with  two  inclined  cylinders,  briefly  described  on 
p.  272,  and  the  last-named  having  a  four-cylinder  vertical  motor.  A 
front  view  of  the  chassis  of  a  7-h.p.  or  10-h.p.  car  is  shown  by  Fig.  (i99, 
and  the  only  difference  between  the  two  cars  is  the  greater  power  and 
speed  of  the  larger ;  the  top  speeds  are  respectively  42  km.  and  48  km. 
(26  and  30  miles)  an  hour.  The  tubular  frames  have  inner  longi- 
tudinal members  which  carrj'  the  motor  and  gear-box.  Three 
forward  speeds  and  a  reverse  are  provided,  and  there  is  the  usual 
direct  through  drive  on  the  top  speed.  Power  is  transmitted  from 
the  gear  bo.':  to  the  live  rear  axle  by  a  single  chain  driven  by  a  small 
cross  shaft  which  replaces  the  ordinary  differential  coimtershaft ;  the 
cross  shaft  carries  at  the  other  end  to  that  on  which  ia  fisetl  the 
driving  sprocket  a   band   brake   operated  by  a  pedal,  and   a  lever 
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operates  side  band  brakes.  By  moving  the  exhaust  cams  along  the 
halt-speed  shaft,  tlie  motor  can  be  made  to  act  as  a  powerful  brake  when 
running  down  hills.  The  16-b.fi.  car  has  a  frame  of  wood  and  steel, 
a  separate  underframe  carrying  the  four-cylinder  vertical  motor 
and  Panliard  type  change-speed  gear ;  there  are  four  forward  speeds 
and  a  revf— -   '*-"  '  '-"-  "^ling  direct 

on    the    t  is   65  km. 

(40miles)j  ission  is  by 

side  chaiui  tial    coun- 

tershaf  ■  is  of  the 

honcycoin  e    circula- 

ting pump  n.       The 

special  lul:  may    be 


Fig.  699.— Fhont  oy  CuAksia  of  Cuttbkbau  10-h.p.  Cah. 
• 

noted.  On  the  dashboard  is  a  neat  grease  feeder  connected  with 
the  various  bearings  by  six  separate  pipes,  and  having  a  handle 
turned  right-handedly  so  as  to  screw  down  the  plunger  upon  the 
grease ;  when  this  handle  is  turned  left-handedly,  instead  of  unscrew- 
ing the  plimger  it  brings  a  small  pointer  opposite  to  indicating 
numbers,  I  to  6,  on  a  dial,  and  when  the  pointer  is  brought  opposite 
to  the  required  number,  a  right-handed  turn  of  the  handle  forces  the 
lubrication  down  to  that  particular  bearing. 


6.5-2  THE    AUTOMOBILE. 

Though  not  in  proper  order,  it  is  convenient  to  describe  here 
three  cara  with  horizontal  motors. 

The  old  Brouhot  car  ha<l  a  horizontal  motor  of  from  4  to  12-h.p. 
Transmission  is  by  chain  to  a  live  rear  axle,  and  there  is  no  differ- 
ential, a  pawl  and  ratchet  being  employed  instead. 


An  elevation  of  the  frame,  transmission  mechanism,  and  steer- 
ing gear  of  tlio  Brouhot  old  tv[)C  car  is  shoivn  by  Fig.  700,  and  a  plan 
by  Fig.  701.  A  is  the  motor,  B  the  case  containing  the  speed-changing 
gear,  operated  by  lever  C.     Pedals  D  and  E  respectively  operate  the 
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clutch  and  brake,  F  is  the  centrifugal  governor,  G  the  carburetter,  and  I 
is  a  pinion  on  the  crank-shaft  against  the  friction  clutch  J,  meshing 
with  a  bronze  toothed  wheel  H ;  the  ehaft  of  H  passes  through  the 
change-speed  gear  box,  and  carries  pinions  gearing  with  toothed 
wheels  on  a  second  shaft  ending  with  the  sprocket  K.  This  last  drives 
sprocket  L,  which  is  mounted  on  the  live  rear  axle.  No  differential 
gear  is  employed,  this  being  replaced  by  a  pawl  device,  illustrated  by 
Figs.  702  to  704,  in  which  a  is  the  axle,  b  a  ring  toothed  internally 
and  kej'e<l  to  the  rear  wheel,  and  d  a  pawl  with  three  arms.  One 
arm  of  the  pawl  engages  in  a  slot  cut  into  the  axletree,  and  one  of  the 
other  arms  lies  in  one  of  the  spaces  between  the  teeth  of  the 
internally  toothed  ring.  ^Vhen  travelling  backwards  the  third  arm 
of  the  pawl  engages  in  the  toothed  ring,  instead  of  the  second  one 


above  mentioned.  Thus  the  same  effect  as  with  an  ordinary 
differential  is  obtained,  whilst  the  rear  axle  can  be  made  solid  in 
one  piece  (see  also  p.  3S1).  Returning  to  Figs.  700  and  701,  0  is  the 
exhaust  muffler,  N  is  the  brake  lever,  P  and  P'  cord  brakes  acting 
directly  on  drums  secured  to  the  wheels,  and  M  is  the  radiator. 

The  new  Brouhot  car  is  more  of  a  conformation  to  standard 
practice;  it  has  a  vertical  motor  (see  p.  248),  and  the  system  and 
the  arrangement  of  parts  are  almost  precisely  as  in  other  cars  having 
countershafts  and  si<lc  chain  transmissions.  The  countershaft  now 
has   a  differential,  and  the  pawl  and  ratchet  device  is  not  used. 

The  Uuryea  petrol  car  is  an  American  production,  designed  on 
independent  lines,  and  the  side  elevation  and  plan  (Fig.s.  705  and  70li) 
show  tliat  it  differs  from  any  other  car  on  the  market.  It  was 
introduced  more  than  ten  years  ago,  but  since  then  has  been  greatly 
develoi>ed,  the  present  system  of  construction  having,  however,  been 
decided  upon  as  far  back  as  IHOS,  though  the  1903  car,  in  the  design 
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of  which  Mr.  H.  Sturmey  has  collaborated  with  Mr.  Charles  E.  Duryea, 
13  a  still  more  advanced  type  adapted  to  the  requirements  of  the 
British  and  Colonial  markets.  The  bent  wood  frame  A  has  heavy 
strengthening  irons  and  forms  the  frame  of  both  car  and  body,  B.     At 


Figs.  70-5  anil  700,— Elfvatton  and  Plan  or  Durtba  Car. 

the  rear  it  in  carried  upon  the  long  springs  C,  resting  upon  a  nickel- 
steel  live  axle  D,  and  in  front  it  terminates  in  dumb  irons  E, 
supported  upon  the  ends  of  a  transverse  scroll  spring,  F,  carried  on 
the  front  axle  G,  The  three- cylinder  motor  H  has  the  flywheel  I,  and 
power  drum  J  (<lescribed  later)  on  the  left-hand  end  of  the  crankshaft, 
■which  is  supported  in  bearing  K  ;    a  feature  of  the  car  is  the  direct 
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drive  by  chain  M,  from  the  sprocket  L  to  the  differential  N,  on  the 
axle  D  ;  radius  rods  are  shown  at  0,  and  the  chain  is  enclosed  in  case 
P.  Tank  Q  carries  cooling  water,  and  has  ears  and  scoops,  R,  which 
force  the  air  through  the  tubes  S,  and  condense  any  steam  that  may  be 
formed.  The  system  of  cooling  is  described  on  p.  197.  The  control 
of  the  car  is  practically  vested  in  the  handle  T,  which,  by  means  of 
the  clutch  lever  U,  operates  the 
clutches  and  changes  the  gear, 
and  by  means  of  the  lever  Y 
actuates  the  throttle  bar  W,  and 
controls  the  speed,  and  by  means 
of  the  rocking  lever  X,  chains  X\ 
and  tension  rod  Y  acts  on  the 
steering  arms  Z,  and  steers  the 
car.  The  magneto  is  shown 
at  A*,  the  carburetter  (see  p.  134) 
at  B*,  and  the  petrol  tank  at  C^ 
under  the  footboard.  Stretcher 
bars  D*  hold  the  fore  carriage  and 
front  axle  square  with  the  vehicle. 
The  pedal  E'  operates  an  ex- 
panding brake  inside  the  chain 
ring  around  the  differential  N, 
and  pedal  F*,  provided  with  a 
ratchet,  actuates  tyre  brakes  G*  on 
the  rear  wheels.  The  exhaust  pipe 
H*  leads  the  gases  to  the  silencer 
P.  The  general  arrangement  of 
the  car  having  been  indicated,  some  of  the  elements  may  be 
considered  separately. 

The  Duryea  horizontal  motor  has  three  cylinders,  whose  bore  and 
piston  stroke  are  114*3  mm.  (4*5  in.),  and  whose  power  is  upwards 
of  10-h.p.,  the  weight  being  about  907  kg.  (200  lb.).  In  the  cross 
section,  Fig.  707,  showing  the  motor  on  end,  the  induction  pipe  A 
leads  across  the  head.  A  throttle  slide,  B,  controls  the  lift  of  the  inlet 
valves  C,  whilst  D  is  the  cam  shaft,  E  the  crank  case,  an(J  F  the  cylinder. 
The  one-piece  cylinder  casting  has  a  water  jacket,  G,  surrounding 
the  heads,  there  being  a  single  pipe  connection  to  the  water  tank. 
Tistons   H,   inlet  valves  J,  exhaust   valves   K,   and   cams   L   are 
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Fig.  707.— Vertical  Section  of  Dcryea 
Petrol  Motor  (shown  on  ekd.) 
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interchangeable.  The  cranks  M  on  shaft  N  are  set  at  an  angle  of 
120'*  with  each  other,  the  crank  shaft  N  being  in  advance  of  the 
cylinder  axis  with  the  object  of  reducing  shock  and  lessening 
vibration  by  giving  a  practically  direct  thrust ;  0  is  the  crank  case 
cover,  and  the  cranks  and  cam  shafts  are  lubricated  on  the  splash 
system.  (In  Fig.  706,  J*  shows  the  oil  cups).  Ignition  is  by  rotary 
magneto,  w^hich  supplies  current  to  three  insulated  "  anvils  "  P.  The 
ignition  system  is  shown  separately  by  Fig.  708.  The  shaft  A 
of  magneto  B  is  driven  by  a  small  coned  pulley,  itself  driven  by 
the  cone  face  of  the  big  flywheel.  A  governor  removes  the  pulley 
from  the  flywheel  directly  a  safe  speed  is  exceeded.  The  make- 
and-break  spark  is  obtained  as  follows  :  Current  from  the  magneto 


to 
earth 


Fig.  708. — Ddhyea  Ignition  System. 


B  is  taken  to  coil  C,  and  thence  by  a  naked  wire  to  the  insulated 
"  spark  anvils  "  P  in  the  cylinder  heads,  connections  being  made 
inside  the  cylinder  by  "  spark  hammers  "  D,  passing  through  the 
hollow  stems  E  of  the  exhaust  valves.  The  trip  levers  F,  at  the  base 
of  the  stems  E,  are  acted  upon  by  a  lifting  plate  G,  brought  into 
action  by  contact  with  a  roller,  H,  on  the  side  of  the  same  cam,  J, 
which  works  the  exhaust.  The  hammers  are  kept  in  contact  with 
the  insulated  anvils  until  the  trip  lever  drops  off"  the  lifting  plate, 
when  owing  to  spring  K  a  very  quick  break  is  made  and  the  spark 
produced.  The  battery  L  comes  into  use  at  starting,  and  it  also 
acts  as  a  standby  ;  M  shows  the  switch. 

Speed  changing  in  the  Duryea  car  is  operated  largely  by  merely 
throttling  the  motor,  but  ingenious  gearing   of  the  cr}'pto-d3Tiamic 
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or  epicyclic  type  is  provided ;  this  employs  friction  clutches  of  large 
surface  which  are  contained  in  the  "  power  drum "  (J,  Fig.  705) 
csrried  on  the  motor  shaft  and  normally  revolving  with  and  locked 
to  the  flywheel,  all  teeth  being  in  mesh  but  no  gear  working. 
Fig,  709  is  a  vertical  section  and  Fig.  710  a  front  elevation  of  the 
speed -changing  device,  the  following  description  of  it  being  due  to 


Figs.  709  and  T 

Mr.  J.  R  Homens :  The  small  gear  A  is  secured  to  the  motor  shaft 
against  the  flywheel  flange  by  screw  threads.  Meshing  into  the 
gear  A  are  three  idle  planet  gears,  B,  journalled  upon  studs 
provided  on  a  triangular  frame  which  is  itself  journalled  upon  an 
extension  of  the  motor  shaft  ;  by  this  arrangement,  the  planet 
gears  are  held  concentric  with  the  driving  gear  A,  and  both  the 
gears  and  their  supporting  framework  are  further  held  in  alignment 
with  the  various  parts  to  which  they  may  be  attached  in  making 
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the  several  changes.  This  triangular  frame  is  double,  one  part 
being  formed  integral  with  the  studs,  and  the  other  part  attached 
to  the  studs  by  nuts  on  their  projecting  ends,  which  latter  part 
carries  the  reverse  ring  C,  while  both  parts  of  the  frame  form 
supports  for  the  clutch  pins  D,  and  their  actuating  levers  E  (N 
shows  groove  containing  perforations  for  admitting  the  pins  D, 
when  C  and  the  slow  speed  ring  G  are  locked  together).  Encircling 
the  planet  gears  B  is  an  internal  gear  F  attached  to  the  slow-speed 
ring  G,  which  is  supported  upon  the  disc  E  by  projecting  lugs  ;  while 
the  disc  H  in  turn  is  joumalled  so  as  to  remain  concentric  with  the 
motor  shaft  and  thus  support  the  internal  gear  F  in  concentric  re- 
lation and  proper  alignment  with  the  other  parts.  Friction  bands, 
not  shown,  are  attached  to  the  framework  of  the  vehicle,  and  encircle 
the  ring  C  and  the  ring  G,  being  provided  with  levers  by  which  either 
band  may  be  caused  to  grip  its  corresponding  ring  at  the  will  of  the 
operator.  If  the  reverse  ring  C  is  gripped  by  its  band,  the  planet  gear 
studs,  with  the  attached  framework,  will  be  held  stationary,  and  the 
motion  of  the  motor  will  be  transmitted  from  the  gear  A  through 
the  plailfet  gears  B  to  the  external  ring,  which  will  be  driven  in  a 
reverse  direction.  If  the  slow-speed  band  is  gripped  upon  its  ring 
G,  the  internal  gear  will  be  held  in  a  fixed  position,  and  the  motion 
of  the  motor  will  cause  the  planet  gears  B  to  roll  around  inside 
the  internal  gear  in  the  same  direction  as  the  gear  A,  carrying  the 
studs  of  the  planet  gears  B,  with  their  framework,  slowly  in  a 
forward  direction,  as  will  be  explained  later.  If  all  parts  are  locked 
together  in  any  convenient  manner  so  as  to  prevent  relative  motion, 
they  will  then  move  with  the  motor  and  cause  the  driving  sprocket 
to  move  at  high  speed  forward,  while  if  no  clutch  is  in  engagement 
the  motion  of  the  motor  will  turn  the  gears  idly  without  producing 
motion  of  the  sprocket. 

More  specifically  these  various  motions  in  the  Duryea  device 
are  accomplished  as  follows  :  The  planet  frame  is  normally  held  in 
engagement  with  the  sprocket  carrying  disc  J  by  means  of  the 
pins  D,  so  that,  holding  the  internal  gear  F  by  means  of  the  slow- 
speed  band,  the  other  clutches  being  released,  it  carries  the 
sprocket  forward  at  slow  speed  Since  the  planet  gear  frame  and 
the  disc  J  are  normally  in  engagement,  it  is  evident  that  clutching 
the  ring  F  to  the  disc  J  will  prevent  relative  motion  of  the  planet 
gears  and  the   internal  gear,   and    thus   cause    the   sprocket  to   be 
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carried  at  the  speed  of  the  motor.  This  effect  is  produced  by 
means  of  the  conical  friction  surfaces  on  J,  engaged  by  comple- 
mentary surfaces  inside  the  ring  G  and  the  disc  H,  which  surfaces 
are  brought  in  contact  by  means  of  the  wedge  K  bearing  against 
the  disc  H  under  the  roller  attached  to  the  lug  projecting  from 
the  ring  G.  This  wedge  K  is  operated  by  a  shifting  collar  L  and 
a  toggle  link  M,  a  shifting  lever,  not  shown,  being  attached  to  the 
outer  ring  of  the  ball  bearing  O.  The  section.  Fig.  710,  shows  these 
surfaces  in  engagement ;  releasing  is  effected  by  moving  the  shifting 
collar  L  towards  the  sprocket,  which  withdraws  the  wedge  K  and 
permits  the  surfaces  to  be  separated  by  the  spring  shown.  The 
large  surfaces  and  the  toggle  and  wedge  for  closing  them  secure  a 
very  powerful  pressure  with  little  shifting  efibrt,  while  the  disc 
J  is  ordinarily  surfaced  with  brass,  which,  having  a  higher  coefficient 
of  expansion  than  the  cast  iron  against  which  it  bears,  is  rapidly 
heated  in  case  of  slipping,  and  becomes  self-tightening  by  expansion. 
Releasing  all  the  clutches  allows  the  sprocket  with  its  disc  J  and 
the  planet  gear  frame  to  stand  idle  while  the  internal  gear  revolves 
freely  in  a  reverse  direction,  although  the  motor  may  be  running. 

Reverse  motion  in  the  Duryea  car  is  secured  by  holding  the 
ring  C,  which  is  mounted  on  the  arms  of  the  planet  gear  frame 
in  such  a  manner  that  three  sliding  pieces,  or  plungers,  normally 
projecting  slightly  above  the  outer  surface  of  C,  are  pressed  in  by 
the  gripping  band ;  this  motion  moves  three  levers  and  withdraws  the 
pins  D  from  engagement  with  the  sprocket  disc  J,  thus  separating 
the  planet  gear  from  the  disc  J.  Since  the  band  prevents 
further  movement  of  the  planet  gear  frame,  while  the  disc  J  is  free 
to  move  in  any  direction,  owing  to  the  withdrawal  of  the  pins  D,  it 
is  evident  that  the  motion  of  the  motor  will  drive  the  internal  gear 
F  in  the  reverse  direction,  and  that  clutching  the  gear  F  to  the 
sprocket  disc  J  by  means  of  the  high-speed  clutch  will  cause  the 
sprocket  to  be  carried  in  the  reverse  direction  along  with  the  gear 
F.  It  is  further  evident  that  releasing  the  high-speed  clutch  will 
stop  the  reverse  movement  of  the  sprocket,  while  releasing  the  reverse 
ring  C  will  permit  the  pins  P  to  resume  their  normal  position  under 
the  action  of  their  springs.  In  Fig.  709,  P  shows  the  position  of  lever 
when  pins  D  are  inserted  in  holes  N  in  J  ;  and  Q  shows  the  position 
of  the  lever  when  the  pins  are  raised  from  the  holes.  The  spider; 
arms  R  carry  the  three  idle  pinions  B,  and  slide  in  a  groove  on  C  ♦ 
QQ2 
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to  the  pins  S.  XX  shows  the  line  of  the  slot  groove  on  C,  and 
Z  Z  the  pitch  line  of  the  internal  gear  on  G,  The  whole  device  is 
quite  compact,  and  the  power  is  transmitted  from  the  driving  gear 
A  to  the  various  clutch  surfaces  in  approximately  a  single  plane, 
which  lessen  the  torsion  strains  on  the  various  parts  and  gives  great 
strength  with  little  weight  of  material.  The  driving  sprocket  is  the 
outermost  portion  of  the  gear. 

The  Duryea  steering  system,  entirely  under  the  control  of  lever 
T,  Fig.  705,  has  points  of  interest.  With  the  object  of  absorbing  at 
the  wheel  tyres  the  shocks  caused  by  road  inequalities,  stones,  etc., 
the  steering  heads  have  not  vertically  set  centres ;  but  are  inclined 
sideways  so  that  the  line  drawn  through  the  centre  of  rotation  meets 
the  ground  at  a  point  just  inside  the  point  at  which  the  vertical 
line  drawn  through  the  centre  of  the  wheel  meets  it;  this  is  just 
sufficient  to  give  a  slight  lifting  action.  The  wheel  rotates  upon  its 
own  centre,  and  not  around  its  pivot ;  whilst  by  throwing  the  centre 
line  a  little  inside  the  true  point  of  incidence  the  slight  lifting  action 
is  obtained  when  the  wheel  is  turned,  the  weight  upon  it  immediately 
tending  to  force  the  wheel  back  to  its  true  path.  This  system  is  so 
effectual  in  absorbing  the  shock  before  this  reaches  the  steering 
mechanism  that  there  is  no  inconvenience  to  the  hand  when  nmning 
over  the  roughest  ground,  and  the  car  proves  to  be  practically  self- 
steering. 

Fig.  711  shows  the  central  vertical  lever  A,  pivoted  at  B  to 
the  front  of  the  seat,  and  carrying  at  its  base  a  cross  arm  C,  from 
which  chains,  D,  pass  round  pulleys  which  are  set  at  an  angle 
under  the  car ;  the  chains  are  connected  to  the  steering  arms  by  light 
tension  rods  ( Y,  Fig.  706).  Lever  A  is  telescopic,  and  carries  a  handle, 
E,  which  slides  up  and  down,  and  carries  with  it  the  end  of  the  clutch 
lever  F,  on  which  it  slides,  and  in  doing  so  changes  the  gear  or  works 
the  speed-changing  clutches.  At  the  top  position,  the  car  is  runnmg 
at  the  top  speed,  and  half-way  held  by  a  button  catch,  G,  the  motor  is 
not  in  gear  with  the  mechanism  ;  when  the  handle  is  pushed  to  the 
bottom,  the  low-speed  gear  comes  into  operatioa  The  bottom  of  the 
sliding  handle  carries  a  pinion,  H,  meshing  with  rack  I,  on  bar  J,  thus 
being  connected  with  and  operating  the  throttle  slide  ;  when  the 
handle  is  slightly  twisted,  the  throttle  is  varied,  and  with  it  the  speed 
of  the  car.  Thus,  slightly  pressing  the  lever  sideways  steers  the  car, 
twisting  the  handle  regulates  the  motor,  and  raising  or  lowering  the 
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handle  changes  the  gear.  Some  Diiryea  cars,  however,  have  what  is  known 
as  a  **  two-hand  control,"  in  which  a  vertical  steering  column  carries  at 
the  top  a  horizontal  lever  set  across  the  car,  whilst  below  the  footboard 
its  two  arras  connect  direct  by  tensional  connecting  rods  with  the 
steering  arms.  To  steer  to  the  left,  the  end  of  the  cross  lever  is  pushed 
forward,  whilst  to  steer  to  the  right,  it  is  pulled  toward  the  driver  ; 
twisting  the  handle  operates  the  throttle,  and  there  is  a  separate  lever 
with  sliding  handle  for  speed  changing. 

Pick  cars  are  of  two  types,  belt- 
driven  and  gear-driven,  and  each 
is  made  in  two  sizes,  6  and  10-h.p. 
The  motor  has  two  horizontal 
cylinders  facing  one  another,  but 
not  in  line,  and  bolted  to  the 
crank  chamber.  In  the  belt-driven 
machine,  the  flywheel  is  close  to  the 
crank  chamber  with  a  wide  pulley 
outside  it,  the  end  of  the  crank- 
shaft being  supported  in  a  bearing 
carried  by  a  bridge  looping  round 
underneath  the  flywheel.  A  belt 
drives  a  countershaft  placed  behind 
the  live  rear  axle,  and  this  shaft 
carries  fast  and  loose  pulleys,  and 
spur  wheels  meshing  with  other 
wheels  on  the  axle  differential  shell. 
For  either  of  the  two  forward  speeds,  jaw  clutches  render  either  of 
the  spur  wheels  rigid  with  the  countershaft ;  for  the  reverse  speed, 
a  sprocket  wheel  is  clutched  to  the  countershaft  and  the  differential 
on  the  axle  is  driven  from  it.  The  radiator  tubes  are  arranged  round 
the  base  of  the  bonnet,  and  a  cam-shaft  lying  across  the  top  of  the 
motor  drives  the  circulating  pump.  The  band  brakes  are  operated 
by  means  of  a .  cam  which,  when  rotated  about  its  axis,  tightens  the 
two  halves  of  the  brake  bands.  In  the  gear-driven  car,  a  friction 
clutch  is  mounted  on  the  crank-shaft  inside  the  flywheel,  and  from 
it  a  Renolds  chain  drives  the  first-motion  shaft  of  the  change-speed 
gear ;  this  gear  is  mounted  on  a  small  tubular  underframe,  and  gives 
three  forward  speeds  and  a  reverse.  The  second-motion  shaft  is  just 
behind  the  first-motion  shaft,  and  carries  on  one  end  a  brake  drum 
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and  on  its  other  projecting  end  a  sprocket  which  chain-drives  the 
live  rear  axle.  In  the  10-h.p,  car  one  lever  operates  both  forward 
and  reverse  speeds ;  and  in  the  6-h.p.  car  there  is  a  separate  lever 
for  each  of  these.  The  descriptions  of  cars  with  vertical  motors  will 
now  be  resumed. 

The  Soames  petrol  car,  made  by  the  Langdon-Davies  Motor 
Company,  Limited,  differs  radically  in  many  respects  from  any 
other  ear,  and  the  side  view  of  the  chassis,  Fig,  712,  and  the  back  and 
front  views.  Figs.  713  and  714,  give  evidence  of  originality.  The  most 
important  innovation  is  the  arrangement  of  the  driving  mechanism, 
including  the  motor  and  the  change-speed  gear,  upon  an   entirely 
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distinct  underfrarae,  which  is  suspended  beneath  the  front  and  rear 
axles  from  semi-elliptic  springs  fixed  to  them.  The  body,  the 
tanks,  and  the  controlling  levers  are  all  fixed  to  the  main  frame, 
and  it  is  suspended  above  the  axles  in  much  the  usual  manner.  The 
controlling  levers  on  the  upper  frame  communicate  with  the  parts 
which  they  actuate  on  the  lower  frame  by  means  of  flexible  and 
ingenious  connections.  The  method  adopted  for  regulating  the  motor 
power,  by  hand,  is  interesting,  and  is  described  on  p.  231. 

The  Soames  main  frame  A  is  of  section  steel  101  6  mm.  (4  in.) 
deep  by  508  mm,  (2  in.)  wide,  the  metal  itself  being  95  ram. 
(■375  in.)  thick.    It  is  somewhat  narrower  in  front  than  behind 
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the  driver's  seat,  and  is  stiffened  with  comer  plates  and  by  a  cross 
member.  The  steering  gear  B  is  fixed  to  its  outer  surface,  and 
the  steering  pillar  is  supported  by  a  bracket  fixed  to  the  dash. 
The  dash  itself  is  made  rigid  by  a  steel  forging  forming  its  edge 
on  this  side  of  the  car,  and  secured  firmly  at  its  lower  end  to  the 
frame.  The  dashboard  carries  a  combined  water  tank  and  radiator, 
C,  and  is  perforated  in  order  to  allow  the  air  to  pass  around  the 
cooling  tubes  ;  the  petrol  tank  D  is  fixed  in  front  to  the  irame, 
which  is  supported  by  semi-elliptical  side  springs,  E,  between  which 
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and  the  axles  are  other  semi-elliptical  springs,  F,  but  inverted.  The 
inverted  springs  carry  an  underframe  which  has  two  longitudinal 
angle  members,  G,  and  a  cross  member,  H  J,  at  each  end  ;  the 
cross  member,  J,  at  the  rear  is  of  channel  section,  and  its  ends  are 
connected  with  the  side  springs  F  by  long  links.  K.  The  front 
cross  member  H  is  a  foiling  which  bows  downward  at  its  centre 
and  ties  the  longitudinal  members  G  together.  The  underframe 
has  projecting  horns,  L,  in  front  connected  with  the  forward  ends 
of  the  side  springs  F,  and  with  brackets  riveted  to  the  members  G 
for  carrying  the  rear  ends  of  these  springs  on  shackles.  The 
longitudinal  members  of  the  underframe  are  bent  to  a  h^her 
level    in    front    than    behind,  and    are    stiffened    across  the  bent 
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portions  by  flitch  plates  riveted  against  their  inner  faces.  By  this 
construction  the  underframe  is  quite  distinct  from  the  main  frame, 
and  is  independently  suspended  beneath  the  axles ;  the  weight  upon 
it  therefore  tends  to  deaden  any  vibration  of  the  wheels  and  axles, 
and  the  springs  between  them,  and  it  prevents  shocks  from  being 
transmitted  to  the  mechanism.  The  rear  axle  is  formed  of  two 
angle  members,  M,  which  connect  the  outside  bearings  at  each  end 
of  the  live  axle  together,  and  carry  an  intermediate  bearing,  X, 
between  them.  Together  with  the  bearings  and  a  bridge  they 
form  a  very  strong  frame  work  in  which  the  actual  live  axle  O 
revolves.  All  the  bearings  are  ring  lubricated,  and  the  outside 
bearings  are  exceptionally  long.  The  two  portions  of  the  live  axle 
are  connected  by  a  differential  gear,  P,, containing  four  large  planet 
bevel  wheels.  The  front  axle  Q  is  quite  straight  and  has  the  usual 
steering  heads.  The  two-cylinder  vertical  motor  is  fixed  to  the 
underframe  in  front  and  develops  about  11-h.p.  at  800  revolutions 
per  minute  ;  its  special  system  of  governing  is  described  on  p.  231 ; 
R  shows  the  cylinders.  The  cooling  water  is  circulated  through 
flexible  pipes  and  the  cylinder  jackets  from  the  radiator  C  by  a 
pump  friction-driven  ofi'  the  flywheel.  The  exhaust  box  S  is  fixed 
beneath  the  underframe  in  front,  close  up  to  the  motor.  The  flywheel 
T  forms  the  female  member  of  the  cone  friction  clutch,  which 
normally  is  held  in  engagement  by  a  spring.  The  connection 
between  the  pedal  and  the  sliding  portion  of  the  clutch  is  so 
arranged  that  it  is  unaffected  by  the  relative  motions  of  the  main 
frame  and  of  the  underframe.  The  gear  box  U  is  also  fixed  to 
the  underframe,  and  is  bolted  down  to  the  two  longitudinal  members 
G ;  distance  rods  connect  it  to  the  rear  axle.  In  the  change-speed 
gear  the  power  is  taken  through  bevel  gearing  to  the  first-motion 
shaft  and  through  one  or  other  trains  of  spur  gears,  always  in  mesh, 
to  a  second-motion  shaft  and  then  to  the  differential  gear  of  the 
live  rear  axle  O  by  a  pair  of  heavy  chains,  W.  The  wheels  on  the 
second-motion  shaft  ordinarily  run  freely  upon  it,  but  either  of 
them  alternatively  can  be  locked  to  the  shaft  by  a  sliding  internal 
key.  This  method  of  rendering  one  or  other  spur  wheel  rigid 
with  its  shaft  is  already  well  known  in  connection  with  the 
M.M.C.  cars  and  a  few  others,  but  in  this  case  it  is  carried  out  in 
a  different  manner,  and  a  special  device  is  employed  for  fixing  the 
sliding  key  firmly  in   place  when  it  is  in  engagement  with  either 
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wheel.  Bowden  wires,  operated  by  handle  X,  slide  the  keys  as 
required.  A  peculiar  type  of  brake  is  operated  by  a  pedal.  It  is 
fitted  between  the  main  clutch  and  the  gear  box,  and  consists  of 
a  disc  against  the  edges  of  which  a  double  lever  presses  insteiid 
of  being  a  dnim  having  a  brake  band.  A  handle,  Y,  on  the  dash- 
board enables  the  driver  to  lock  the  main  clutch  out  of  engagement 
when  the  car  is  standing  still,  thus  allowing  the  motor  to  run  quite 
freely  at  such  times. 

(Jars  with  vertical   motors    are  the    only  ones    yet    described, 
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the  old  Brouhot,  Duryea,  and  Pick  excepted  ;  but  space  will  now  be 
devoted  to  ears  in  which  the  motor  is  of  the  horizontal  type. 
These  will  be  classified  as  was  the  other  kind ;  that  is,  first  will 
be  described  cars  with  side  chain  transmissions  and  fixed  axles, 
then  those  with  live  axles  driven  by  longitudinal  shafts,  and, 
finally,  those  with  live  axles  driven  by  chains  or  other  means. 

Bardon  cars  employ  the  balanced  motor  described  on  p.  264 
(where  letter  references  A  to  E  are  explained),  and  are  made  in  three 
types,  one  having  an  8-h.p.  single-cylinder  motor,  the  second  a  l2-h.p. 
two-cylinder  motor,  and  the  third,  a  new  model,  a  5-h.p.  single- 
cylinder  motor;  the  distinctive  features  of  the  third  model  are 
summed  up   on   p.  266.     The   first   two   are   arranged   much  as  in 
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Figa  715  and  716,  which  show  tho  second  type.  Letter  references 
F  to  K  are  explained  on  p.  415,  where  the  transmission  and  change- 
speed  gear  is  described.  The  main  frame  L  is  of  channel  iron,  and  a 
narrow  underframe,  M,  carries  the  two-cylinder  balanced  motor  A 
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and  transmission  gear.  Speed-changing  is  operated  by  lever  N, 
which  is  connected  with  a  composite  cam  through  a  toothed 
quadrant.  Side  brakes  0  are  operated  by  a  secon;l  lever,  P,  which 
is  connected  with  a  rocking  cross  rod.  Q,  carrying  a  projection  which 
coraes  into  contact  with  the  clutch  mechanism  and  throws  it  out  of 
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engagement  when  the  brakes  are  applied.  Pedal  E  disengages  the 
main  clutch,  and  a  second  pedal  does  the  same  and  also  applies 
the  countershaft  band  brake  K.  Steering  is  on  the  Ackermann 
principle,  suspension  springs  are  semi-elliptic,  and  road  wheels  are 
of  the  artillery  type.  All  brakes  are  double-acting,  and  the  side 
ones  O  are  compensated  by  interposing  spiral  springs  betweeo  the 
lever  arms  of  the  rocking  cross  rod  Q  and  the  brake  band  rods.  A 
small  lever  inside  the  motor  bonnet  adjusts  the  auxiliary  air  supply 
to  the  carburetter  and  enables  it  to  be  shut  off  at  starting  so  as  to 
obtain  a  rich  mixture ;  to  avoid  back  fire  when  starting,  the  ignition 
hand  lever  is  connected  with  a  stop  to  prevent  the  starting  handle 


Fiy.  717 — Plan  op  Janib  and  Shown  Chabsib. 

from  being  turned  unless  the  lever  is  at  the  "  late  fire  "  position.  The 
petrol  tank  is  under  the  seat,  and  the  exhaust  box  S  is  low  do\vn 
behind  the  change-speed  gear.  The  water  tank  T  is  further  to  the 
rear,  abovl  the  back  axle. 

James  and  Brown  9-h.p.  and  18-h.p.  cars  are  among  the  most 
original  of  English  constructions,  as  will  have  been  gathered  from 
the  descriptions  of  the  elements  already  given.  The  9-h.p.  motor 
has  two  cylinders,  whilst  the  other  has  four,  and  a  plan  view  diagram 
of  the  chassis  of  the  higher-powered  car  is  presented  by  Fig.  717. 
There  being  no  underframa,  the  horizontal  motor  A  and  gearing  B 
(both  fully  described  on  pp.  266  and  415)  are  pivoted  from  the  steel- 
fiitched  main  frame  C  The  Sywheel  is  on  the  longitudinal  centre 
line  of  the  car,  with  the  result  that  there  is  no  tendency  due  to 
gyrostatic  action  for  the  car  to  steer  more  easily  in  one  direction 
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than  the  other.  The  change-speed  gear  and  transmission  are  fully 
described  on  p.  415 ;  £  is  the  main  clutch,  which  is  a  special  feature 
(see  p.  372).  The  final  drive  is  by  chains  from  side  sprockets  F, 
whose  large  bearings  are  shown  at  G.  Fig.  717  is  more  intelligible 
when  compared  with  Fig.  419,  p.  414,  which  shows  the  motor  and 
transmission  gear  of  the  two-cylinder  chassis.  The  steering  wheel  H 
works  through  the  connections  J ;  K  is  the  change-speed  lever,  L  the 
clutch  pedal,  O  the  pedal  operating  the  countershaft  brake  P ;  Q  is 
the  lever  that  applies  the  side  internal  brakes  R  through  rods  S ; 
T  is  the  brake  compensating  pulley,  and  U  the  brake  tension  rods, 
and  the  construction  of  the  brake  itself  is  dealt  with  on  p.  489.  The 
tubular  stays  V  take  the  strain  of  the  countershaft  brake,  and  the 
distance  rods  W  take  the  chain  thrust  The  pipes  X  lead  the 
exhaust  to  the  silencer  Y.  Z  is  the  radiator  and  tank.  The  James 
and  Martineau  patents  control  the  manufacture  of  this  most 
interesting  car. 

The  Roots  4J-h.p.  car  with  detachable  back  seat  is  illustrated  in 
side  elevation  by  Fig.  718.  The  Roots  system  of  using  ordinary  para6Sn 
is  fully  described  on  p.  273.  In  the  car  here  shown,  the  motor  is 
under  the  front  bonnet,  and  has  its  crank  shaft  parallel  with  the 
axles ;  its  speed  is  700  revolutions  per  minute.  The  drive  is  through 
a  clutch  and  chain  to  a  gear  box  providing  three  forward  speeds  and 
one  reverse,  and  the  countershaft  chain  drives  the  rear  road  wheels 
as  indicated.  The  artillery  wheels  are  76*2  cm.  (30  in.)  in  diameter, 
and  have  solid  rubber  tyres.  The  fuel  tank  holds  9  1.  (2  gaL).  The 
12J-h.p.  car  has  a  two-cylinder  vertical  motor  in  the  same  position  and 
running  at  same  speed  as  above.  The  frame  is  of  channel  steel,  and 
there  are  four  forward  movements  and  one  reverse.  Sufficient  oil 
and  water  is  carried  for  a  journey  of  161  km.  (100  miles),  the  oil 
consumption  being  about  4*5  1.  (1  gal.)  per  hour.  Ignition  is  by 
magneto,  platinum  tubes  being  fitted  as  a  stand-by.  The  weight 
is  1  ton. 

Wolseley  standard  cars  are  of  5  h.p.,  10  h.p.,  and  20  h.p.,  their 
motors  respectively  having  one,  two,  and  four  cylinders,  and  all  having 
a  cylinder  bore  of  114  mm.  (4*5  in.)  and  a  piston  stroke  of  127  mm. 
(5  in.).  All  the  cars  are  built  on  similar  lines,  though  var}'ing  in 
detail.  A  further  type  is  a  7^-h.p.  car  with  a  two-cylinder  motor. 
There  is  also  a  30-h.p.  racing  car.  In  all,  the  leading  features  are  a 
horizontal  motor  situated  in  front  beneath  a  bonnet,  a  large  main 
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friction  clutch.in  the  fly-wheel,  and  chain  transmission  Lo  the  change- 
speed  gear  (see  p.  396),  from  whose  countershaft  there  is  the  usual 
chain-drive  to  the  rear  road  wheels.  Other  features  of  interest  are 
the  steering  gear  (see  p.  44fi)  and  the  side  and  countershaft  brakes 
fwe  pp.  489  and  491).  Figs.  719  and  720  are  elevation  and  plan  of  the 
10-h.p.  car.  The  frame  A  ia  of  channel  steel.  The  two-cylinder  motor 
B,  carried  by  cross  members  of  the  frame,  has  a  crank  shaft,  C,  on  which 
is  the  main  friction  clutch  D  (operated  by  pedal  A-,  through  the  adjust- 
able rod  A*,  Fig.  399,  p.  397).  The  change-speed  gear  E  is  described  on 
p.  396,  but  it  may  be  said  that  F  represents  the  rotating  shaft  that 


Fig.  TIB. — Elevation  of  Koots  Pbtroleuu  Cah. 

brings  the  various  trains  of  wheels  into  mesh  as  required ;  it  is 
operated  by  hand  lever  G  through  its  quadrant  H,  and  spur-wheel  J. 
Shaft  F  carries  two  cams,  K,  L ;  the  former  is  outside  the  aluminium 
gear  case,  and  operates  the  jaw  clutch  inside  the  sprocket  wheel  M; 
the  latter,  L,  inside  the  gear  case  slides  the  change-speed  wheels.  A 
fixed  steel  shaft,  N,  acts  as  a  guide  for  the  three  portions  caused  to 
slide  along  it  by  the  cams.  The  first-motion  shaft,  indicated  by 
dotted  lines,  O,  carries  the  sliding  gear  wheels,  and  is  driven  by  a 
Renolds  chain  P  from  the  motor  shaft.  The  differential  countershaft 
Q  is  wholly  enclosed  by  the  gear  case,  and  on  it  is  the  double-acting 
band  brake  R,  operated  by  a  pedal.  It  is  to  be  noted  that  separate 
pedals  (F'  and  A    in  Fig.  399,  p.  397)  operate  the  main  clutch  and 
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the  countershaft  brake ;  the  drum  of  the  latter,  S,  is  hollow  so  that 
it  can  be  water-cooled.  The  main  frame  A  is  supported  by  semi- 
elliptic  springs.  The  exhaust  box  T  is  placed  across  and  beneath  the 
frame.  Multiple  feed  lubricators  of  aluminium  are  fixed  to  the  dash- 
board and  are  connected  by  pipes  to  the  various  bearings,  there  bein^ 
a  separate  sight  feed  to  each  pipe,  whilst  a  gauge  glass  shows  the 
height  of  oil  in  the  reservoirs.  Two  vertical  reservoirs,  U,  one  each 
side  of  the  dashboard,  carry  the  cooling  water,  and  are  connected 
together  by  horizontal  radiating  tubes,  V,  forming  the  front  and  sides 
of  the  bonnet ;  the  tubes  have  square  gills,  and  by  forming  steps  in 
front  add  to  the  appearance  of  the  car;  these  combined  reservoirs 
and  coolers  carry  4-54  1.,  6*8  1.,  and  9  1.  (X,  1*5,  and  2  gal.)  on  the  5-h.p.^ 
10-h.p.,  and  20-h.p.  cars  respectively.  A  circulating  pump,  on  the 
principle  of  a  Roots  blower,  is  driven  by  spiral  gearing  from  the 
motor  cam  shaft ;  but  if  this  failed,  the  circulation  would  be  natural 
the  water  supply  being  at  a  higher  level  than  the  motor  cylinders. 
Between  the  two  reservoirs  U,  and  under  the  bonnet  cover,  is  a  petrol 
tank,  W,  and  on  the  dashboard  in  view  of  the  driver  is  a  petrol  gauge  ; 
the  two  are  connected  through  a  three-way  cock  (operated  through 
arm  X)  which  is  in  connection  also  with  the  carburetter.  The  gauge 
glass  shows  the  level  of  petrol  in  the  tank,  and  the  three  positions  of 
the  cock  allow  of  (a)  supply  to  glass  and  carburetter  being  cut  off; 
(6)  petrol  to  flow  only  to  carburetter ;  or  (c)  carburetter  to  be  con- 
nected to  gauge  glass.  For  tightening  the  motor  chain  P  the  gear 
box  is  slid  along  the  frame,  and  for  the  side  chains  the  swinging 
distance  rods  Y,  connecting  gear  box  with  back  axle,  can  be  adjusted. 
The  road  wheels  of  the  artillery  type  run  on  ball  bearings,  the 
driven  sprockets  Z,  chain-driven  from  sprockets  Z^  riding  on  the  rear 
wheel  hubs  and  being  bolted  to  alternate  spokes.  The  side  brake 
work,  operated  by  the  lever  to  the  rear  of  speed-change  lever  G,  will 
be  understood  from  Figs.  719  and  720. 

The  special  attention  given  to  the  design  of  external  features  in  the 
Gillet-Forest  car  is  repaid  by  the  smart  appearance,  but  the  whole  car 
with  its  mechanism  is  an  interesting  piece  of  work.  The  carburetter, 
single-cylinder  horizontal  motor,  and  ingenious  system  of  water 
cooling  are  described  and  illustrated  on  pp.  150,  261,  and  196  respec- 
tively. Two  sizes  of  motor  are  made — 6  to  7  h.p.  and  9  to  10  kp. — 
and  the  bodies  that  may  be  placed  upon  the  standard  chassis  are  in  a 
great  number  of  diflerent  designs.     The  tubular  rectangular  frame- 
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work  is  built  solid  with  the  brackets  that  carry  tha  various  parts ; 
the  tube  carrying  the  inclined  steenng  pillar  is  brazed  into  a 
malleable  casting  forming  part  of  the  ftame,  and  containing  the 
bearings  for  the  steering  gear.    The  motor  half-speed  driving  shaft 


Figa.  719  and  720. — ELSvAnoN  and  Plan  □r  Wolbblet  Car. 

{see  p.  261)  is  mounted  in  line  with  the  first-motion  shaft  of  the 
change-speed  gear,  which  is  ot  the  sliding  spur-wheel  type,  and 
power  is  transmitted  from  the  gear  to  a  live  rear  axle  by  a  universally 
jointed  shaft.  In  Fig.  721  B  is  the  case  of  the  longitudinal  shaft,  C 
the  differential  case,  D  the  axle  casing,  'E  the  wheel  nave,  and  M 
distance  rods.    There  are  double-acting  band  brakes  acting  on  each 
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of  the  two  drums  T  on  botb  sides  of  the  car,  and  their  arrangement 
is  highly  ingenious.  The  weight  of  each  band  is  taken  by  a  spiral 
spring  held  by  an  arm  projecting  upwards  from  the  spring  clips  (the 
method  of  securing  the  suspension  springs  is  interesting  and  is 
clearly  shown) ;  the  fulcrum  point  of  each  brake  is  carried  by  a  tie 
rod.  P,  passing  from  a  point  below  the  centre  of  the  axle  to  a  pivoting 
point  on  the  frame.  Each  rod  takes,  in  tension,  the  whole  of  the 
twisting  strain  imposed  by  applying  the  brakes  during  forward 
motion ;  and  the  fulcrum  point  is  too  low  for  the  rods  to  be  buckled 
over  when  in  a  state  of  compression  due  to  the  brake  action  when 


the  ear  is  travelling  backwards.  The  outer  brake  is  worked  through 
rod  K  from  a  side  hand  lever ;  the  inner  one  is  worked  by  a  pedal. 
The  exhaust  box  containing  cylindrical,  perforated  baffles,  is  shown 
partly  cut  away  in  Fig.  721. 

The  Autocar  (an  American  vehicle)  has  a  horizontal  balanced 
motor  whose  two  cylinders  A  are  opposed  but  not  in  line,  so  that  the 
central  connecting  rods  work  straight  on  to  the  cranks ;  the  half-speed 
shaft  and  its  driving  spur  wheel  are  mounted  inside  the  crank 
chamber  B,  and  as  the  cam  directly  operates  the  exhaust  valve  rods, 
the  ends  of  these,  the  half-speed  shaft  and  its  driving  gear,  are  all 
lubricated  on  the  splash  principle  in  the  crank  chamber.  The  special 
float-feed  carburetter  C  is  described  on  p.  135,  and  the  exhaust  silencer 
D  on  p.  205.     Of  the  two  fly-wheels  E  F,  the  rear  one  E  contains  the 
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clutch,  from  which  there  13  the  usual  tmnsmission  to  the  getit  box  G, 
hung  from  cross  stays  secured  to  the  channel-steel  main  frame,  which 
is  reinforced  with  wood.  The  drive  is  through  shait  H  and  bevel 
gearing  to  the  differential  J  on  the  live  rear  axle.  There  is  a  direct 
througbdrive  on  the  top  (third)  speed.  There  is  a  band  brake,  K,  ou 
the  longitudinal  shaft  H.  To  prevent  the  pressure  rising  in  the 
crank  chamber  above  that  of  the  atmosphere  and  so  forcing  the  oil  past 
the  pistons  into  the  cyUnders  or  out  through  the  bearings,  a  small  pipe 
containing  a  ball  non-return  valve  leads  out  of  it.     There  are  double 


Fig.  722. — Plas  op  Actocab  Cniwig. 

elliptic  springs  at  both  rear  and  front,  and  in  the  latter  a  quarter- 
elliptic  spring  L  replaces  the  usual  horn  bracket.  Brake  K  and  side 
internal  type  brakes  M  are  operated  by  pedals  N  0  respectively. 

The  Wilson  and  Pilcher  10-h.p.  car  has  ingenious  details ;  the 
four-cylinder  balanced  motor  is  fully  described  on  p.  270,  and  the  novel 
transmission  getu*  on  p.  413.  The  radiator  is  carried  obliquely  at  the 
back. 

The  Packard  12  brake-h.p.  car  is  a  well-known  American  type, 
whose  chassis  is  clearly  illustrated  by  Fig.  723.  Tlie  horizontal  single- 
cylinder  motor  has  a  water  jacket  composed  of  a  thin  corrugated 
copper  sleeve,  the  cylinder  head  and  crank  case  being  all  cast  in  one 
piece.    The  inlet  valve  is  easily  removed  from  the  cylinder  head 
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together  with  its  seat  by  taking  the  nuts  off  its  holding  studs.  This 
can  very  quickly  be  accomplished  for  inspection  or  regrinding.  Bevel 
gears  drive  the  half-speed  shaft,  which  itself  drives  the  water 
circulating  pump,  ignition  timing  gear,  and  exhaust  valve  cams.  The 
crank-shaft  is  a  steel  drop  forging  turned  to  shape  and  then  ground 
true.  The  connecting  rod  has  large  bearings  at  each  end.  The 
sliding  spur-wheel  change-speed  gear  gives  three  forward  speeds  and  a 
reverse,  all  operated  by  one  lever,  and  the  shafts  run  in  phosphor- 
bronze  bushes,  the  lower  gear  wheels  dip  in  oil,  and  so  lubricate  those 
on  the  upper  shaft,  this  latter  being  the  first-motion  shaft.  A  simple 
interlocking  device  prevents  the  shifting  of  a  gear  until  the  main 
clutch  has  been  first  released.  The  drive  between  the  motor  and 
transmission  is  through  a  system  of  coiled  springs  in  the  flywheel,  as 
illustrated  in  Fig.  723,  which  absorb  the  jerkiness  of  the  motor's 
impulse.  The  main  clutch  is  of  the  friction  three-plate  type,  the  two 
outside  plates  being  connected  to  the  first-motion  shaft,  and  when 
engaged,  clamping  the  centre  plate;  the  latter  is  driven  by  the 
flyv^heel  through  the  medium  of  the  coil  springs.  The  starting 
handle  is  connected  at  the  side,  as  shown,  to  the  upper  change-speed 
gear  shaft,  the  lower  shaft  carrying  a  driving  sprocket  on  its  inner  end, 
and  a  large  brake  drum  on  its  outer  end.  From  the  sprocket  a 
roller  chain  drives  the  differential  of  the  live  rear  axle.  Front  and 
rear  axles  have  both  ball  and  roller  bearings,  and  the  artillery  wheels 
are  86*4  cm.  (34  in.)  in  diameter,  the  pneumatic  tyres  being  of 
1016  cm.  (4  in.)  section.  The  frame  is  of  channel  steel,  and  the 
spring  suspension  is  peculiar.  At  the  rear  are  two  elliptic  springs,  in 
which  provision  is  made  for  moving  the  rear  axle  when  adjusting  the 
chain  without  affecting  their  action.  The  front  spring  is  of  the 
X  type,  and  the  combination  is  claimed  to  allow  of  any  one  of  the 
four  wheels  being  38  cm.  (15  in.)  without  straining  the  body  or 
mechanism.  There  are  the  usual  distance  rods,  and  steering  is  b}' 
wheel  with  worm  and  segment.  The  lubricating  oil,  water,  and  petrol 
tanks  are  under  the  "dummy"  bonnet  in  front  of  the  dash,  as 
illustrated.  The  wheel  base  is  206  cm.  (81  in.).  The  four-cylinder 
car  is  of  quite  a  different  type,  and  is  described  on  p.  638. 

The  Winton  20-h.p.  car  (American)  has  a  main  frame  of  sheet  and 
angle  steel  riveted  together.  The  motor  is  on  one  side,  about  m»dway 
between  front  and  rear  axles,  and  is  of  the  two-cylinder  balanced 
horizontal  type,  with  cylinders  enclosed  in  large  water  jackets,  which 
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may  be  regarded  as  being  small  water  tanks.  The  crank-shftft  lies 
across  the  frame,  and  is  in  lino  with,  and  drives  through,  a  disc  friction 
clutch,  the  first-motion  shaft  of  the  gearing  enclosed  in  a  gear  box. 
The  flywheel  is  a  part  of  the  clutch  which  is  operated  by  a  sliding 
cone  on  the  shaft  which  causes  pivoted  levers  to  force  the  friction 
surfaces  together.  A  sleeve  carrying  a  sprocket  wheel  rides  freely  on 
the  projecting  end  of  the  first-niolion  shaft  outside  the  gear  box 
between  it  and  the  clutch,  and  from  this  sprocket  a  chain  drives  the 
live  rear  axle.     The  top  speed  is  obtained  by  clutching  the  sprocket 


Fig,  723.— ViBW  OP  Packaud  12.h.p.  Car. 

direct  to  the  first-motion  abaft.  In  the  gear  bos  is  a  short  lay  shaft, 
parallel  with,  and  in  the  same  horizontal  plane  as,  the  first-motion 
shaft.  At  one  end  of  the  lay  shaft  is  a  fi.\ed  spur  wheel  always  in 
mesh  with  a  corresponding  wheel  on  the  sprocket  sleeve ;  also  there 
are  two  unequal  spur  wheels  meshing  with  others  on  the  first  motion 
shaft,  and  either  of  them  can  be  clutched  rigidly  to  the  shaft  so  as  to 
obtain  the  first  and  second  speeds  re.s|)eetivcly.  The  motor  speed  is 
regulated  by  a  pneumatic  device  in  which  air  is  forced  behind  a 
piston  which  throttles  the  ingoing  mixture.  The  faster  the  motor 
rims,  the  greater  the  air  pressure  behind  the  piston,  and  so  the 
desired  speed  is  maintained  automatically.  There  is,  however,  an 
accelerator,  and  when  its  pedal  is  (le|>resse<l  a  bye-pass  valve  on  the 
UR  2 
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air  pipe  is  opened  progressively ;  it  can  be  closed  entirely  by  a  small 
handle,  and  then  the  motor  stops.  The  handle  can  open  the  bye- pass 
valve  only  enough  to  allow  the  motor  to  run  at  a  very  low  speed,  the 
higher  speeds  required  when  driving  the  car  being  obtained  entirely 
by  depressing  the  pedal  A  surface  carburetter  is  employed.  The 
motor  is  lubricated  by  pipes  leading  from  a  small  tank  above  the 
crank  chamber,  and  the  flow  of  oil  to  this  tank  from  the  main 
reservoir  is  controlled  by  a  float-feed  device.  Petrol,  water,  and 
lubricating  oil  tanks  are  all  beneath  the  bonnet  behind  the  multi- 
tubular radiator.  The  removable  starting  handle  can  only  be  inserted 
in  place  after  the  moment  of  ignition  has  been  retarded,  and  this 
prevents  risk  of  back  firing  whilst  using  it. 

The  Hermes  IS-kp.  car  has  a  main  frame  of  heavy  channel  steel, 
A,  Fig.  724,  and  cross  tubes  B  carry  the  horizontal  motor  C  {ses 
p.  267),  whose  two  cylinders,  not  quite  opposite  one  another,  are  one  in 
front  and  one  behind  the  crank  chamber.    The  motor  is  to  the  left  of 
the  frame,  the  crank-shaft  D  is  across  the  car,  and  the  fly-wheel 
clutch  E  is  almost  in  the  centre  of  the  car.     A  flexible  coupUng 
connects  the  clutch  to  the  gear  box  F  placed  to  the  right  of  the 
frame.     The  spur  wheels  on  the  first-motion  shaft  are  rigid  with  it ; 
those  on   the  second-motion  shaft  revolve  freely  except  when  the 
shaft  is  slid  along,  spring  catches  in  the  spur-wheel  hubs  engaging 
with  slots  in  the  shalt     The  two  shafts  are  in  the  same  horizontal 
plane.      The  differential  gear  G,  on  the  inner  end  of  the  second 
motion  shaft,  is  not  enclosed  in  the  gear  box ;  around  its  shell  is  a 
brake  drum,  and.  on  either  side  of  it  is  a  sprocket,  H,  an  enclosed 
chain  passing  from  each  one  to  a  half  of  the  live  rear  axle  J.    The 
case  of  the  driven  sprockets  is  shown  at  K     The  object  in  having 
the  differential  on  the  cross  shaft  instead  of  the  axle  is  to  reduce 
its  size  and  the  strains  imposed  upon  it,  and  to  allow  of  ninning  it 
at  a  higher  speed.      The    side  brakes,  merely  indicated  at  L,  are 
compensated  by  a  steel  cable  passing  across  at  the  back ;  and  a  safety 
pawl  can  be  brought  into  contact  with  a  ratchet  wheel  in  one  brake 
drum,  and  so  prevent  the  car  running  backwards  downhill ;  to  with- 
draw the  pawl,  the  car  must  be  stopped.     The  width  is  unusually 
great,  the  track  being  155  cm.  (5  ft  1  in.).    The  exhaust  pipes  M 
lead  to  the  silencer  N  at  the  rear.     Other  cars  are  of  18  or  24  kp. 

The  Lanchester  petrol  car,  which  is  clearly  shown  in  sectional 
elevation  by  Fig,  725,  p.  678,  in  half  plan  by  Fig.  726,  and  in  back 
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elevation  by  Fig.  727,  p.  679,  is  entirely  British  in  its  design  and 
manufacture,  and  made  its  first  appearance  in  1899,  when  it  won 
the  gold  medal  at  the  Richmond  trial;  it  is  one  of  the  instances 
in  which  a  complex  piece  of  mechanism  has  been  worked  out 
entirely  on  first  principles  before  any  attempt  was  made  at  con- 
struction. Although  since  its  first  appearance  the  car  has  been 
altered  in  many  details,  the  principal  elements  remain  as  they 
were  first  invented.  The  following  description  of  the  car  is 
adapted  from  one  which  appeared  in  Engineering,  In  Fig.  725 
the  position  of  the  propulsive  mechanism  is  indicated  by  dotted  lines. 
The  characteristic  features  of  the  car  are  :    A  wick  carburetter  {see 
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Fig.  724. — Plan  op  Heksies  Chassis. 

p.  116),  a  two-cylinder  horizontal  motor  (p.  263),  balanced  in  an 
unusual  manner,  special  magneto-electric  ignition  in  which  a  device  is 
incorporated  for  securing  certainty  of  sparking,  and  cylinder  cooling 
by  means  of  a  fan.  The  transmission  is  by  a  longitudinal  shaft  with 
universal  joint  driving  a  live  rear  axle  through  worm  gearing.  The 
method  of  suspension  is  entirely  diflFerent  from  horse  carriage  practice. 
Change  of  speed  is  efiected  by  epicyclic  trains  put  into  action  by  means 
of  clutches  or  brakes.  The  steering  is  by  a  side  lever  or  tiller.  The 
Lanchester  car  is  essentially  a  touring  carriage,  and  only  one  type  is 
made,  this  having  a  16-h.p.  motor,  and  possessing  three  forward  speeds, 
45,  25*7,  and  11-3  km.  (28, 16,  and  7  miles)  an  hour,  and  a  reverse 
speed  of  145  km.  (9  miles)  an  hour.  The  whole  of  the  mechanism  is 
placed  underneath  the  car,  and  there  is  no  need,  therefore,  for  a  plat- 
form extended  forward  and  covered  by  the  usual  bonnet.    This  gives 
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additional  seating  capacity  for  a  given  length  of  car  body  and  motor 
space.  The  mechanism  is  made  accessible  by  having  between  the 
tonneau  body  and  the  front  seat  a  short  space  covered  by  a  "  deck." 
At  tlie  sides  are  the  wind  scoops,  with  a  louvre  front  through  which 
the  coohng  air  for  the  cylinders  is  drawn.  These  scoops  hinge  at 
their  bottom  part,  and  can  be  dropped  down  by  removing  a  Email 
peg  or  doweL  The  deck  can  then  be  lifted  off,  and  the  main  part  of 
the  mechanism   most  often  requiring  attention  thus  exposed.     The 


Figs.  725  Hud  728.— Elevation  asi>  Half  Plan  of  La.nchestek  Cab. 

front  seat  can  be  lifted  bodily  off  by  sliding  it  backwards  about  ^  inch, 
and  the  whole  of  the  actuating  mechanism  iu  front  of  the  motor,  as 
well  as  the  carburetter  and  oil  tank,  is  then  exposed  to  view.  The 
tonneau  body  may  next  be  removed  by  taking  out  a  dowel  and  lifting 
it  off.  The  whole  of  the  chassis  may  thus  be  exposed  by  a  couple  of 
men  within  a  space  of  about  five  minutes.  The  motor  has  two 
crank-shafts,  placed  one  above  the  other,  and  each  has  its  own 
flywheel  ;  the  two  pistons  are  each  connected  to  the  two  crank  shafts 
by  two  connecting  rods — that  is  to  say,  each  piston  has  a  double 
connecting  rod,  one  element  of  which  is  attached  to  one  of  the  twn 
crank  pins.     The  balancing  of  the  cranks  is  described  on  p.  203.    The 
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two  flywheels  revolve  in  opposite  directions,  and  neutralise  the  action 
of  the  motor  due  either  to  the  inertia  of  the  moving  weights  or  the 
impulse  from  explosion.  The  two  crank-shafts  are  geared  together  by 
spur  wheels  to  get  the  proper  distribution  of  load.  The  practical 
result  of  these  devices  is  that  a  very  smoothly  running  motor  is 
obtained  ;  when  the  car  is  standing  still  there  is  very  little  vibration 
indeed.  The  motor  governor  is  of  the  inertia  type,  and  depends  for 
its  movement  on  the  fact  that  it  will  lag  when  the  motor  runs  above  a 
certain  speed.  In  that  case  the  tappet  does  not  strike  on  the  end  of 
the  valve  stem  or  catch  plate. 
Low  tension  current  for  ignition 
is  generated  by  a  magneto- 
electric  machine  having  per- 
manent magnets  attached  to 
the  flywheel  of  one  of  the 
motors,  the  armature  remaining 
stationary.  The  magnets,  there- 
fore, act  as  the  flywheel,  so  that 
there  is  no  restriction  in  regard 
to  their  weight.  The  magnetic 
circle  is  completed  by  the  rim 
of  the  wheel,  and  the  north  and 
south  poles  are  consequent 
poles  formed  at  the  middle  of  each  magnet  bar  (see  Fig.  251,  p.  265), 
the  effect  being,  of  course,  similar  to  that  of  two  horse-shoe  magnets 
placed  together.  Current  is  induced  in  the  armature  coils  as  the  poles 
of  the  mdgnet  break  the  magnetic  circuit  as  they  revolve.  On  the 
armature  there  are  four  coils  forming  two  independent  circuits,  each 
consisting  of  a  pair  of  coils  in  series.  One  end  of  each  of  these 
circuits  is  connected  to  part  of  the  car  which  forms  earth.  The  other 
terminals  of  the  coils  are  attached  to  the  fixed  conductors,  leading  to 
the  ignition  mechanism.  The  sparking  plug  can  be  removed  and 
replaced  with  great  facility,  a  gas-tight  joint  being  formed  after  the 
manner  of  a  breech-locking  mechanism.  The  conductors  used  are 
insulated  stefel  bars,  there  being  no  wires  for  the  purpose.  The 
circuit  has  two  parallel  branches,  one  outside  and  one  inside  the 
cylinder ;  in  the  former,  contact  is  made  by  means  of  a  wiper  or 
tweaker,  which  is  brought  in  contact  with  the  flat  spring.  The 
tweaker  revolves  with   the  side  shaft  of  the  motor,  and  wipes  tihe 
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igniter  spring  at  every  two  revolutions  of  the  engine.  Each  time 
the  tweaker  comes  against  the  spring  the  igniter  wire  in  the  interior 
circuit  is  forced  into  contact  with  the  anvil  Inside  the  combustion 
port.  When  the  tweaker  passes  the  spring,  the  latter  flies  back 
suddenly,  thus  causing  an  extremely  rapid  rupture  of  the  outer  circuiL 
The  outer  contact,  between  the  tweaker  and  the  spring,  breaks  first, 
and  the  inner  contact  for  a  very  minute  fraction  of  a  second  has  to 
Uike  the  whole  current,  when  it  also  breaks.  In  this  way  a  stout 
flaming  spark  is  obtained,  and  the  external  contact,  which  is  accessible, 
and  is  not  in  the  explosive  gases,  can  always  be  kept  clean,  and  is 
capable  of  taking  the  whole  current  easily,  so  that  assurance  is  made 
that  an  ample  current  is  always  passing.     As  this  contact  breaks  first. 


Fig.  7'2S. — Elevation  of  Lanciiesteu  Covktehshaft. 

the  whole  extra  current  is  forced  to  pass  through  the  sparldng  plug, 
which  ignites  the  carburetted  mixture.  The  internal  contact  may 
be  dirty  or  rusty,  and  its  resistance  may  be  very  high,  but  there  is 
always  a  good  path  in  the  outer  circuit  for  the  current,  and  on  that 
path  being  broken  there  is  a  sudden  rise  in  the  electromotive  force, 
producing  a  spark  which  leaps  across  the  inner  contact  with  great 
force.  The  width  of  the  spark  gap  is  adjusted  by  means  of  a  screw, 
the  head  of  which  is  slotted. 

The  Lanchcster  countershaft  and  transmission  gear  is  shown  in 
perspective  view,  elevation,  and  plan  by  Figs.  728  and  729.  The  trans- 
mission of  power  from  the  motor  is  to  an  independent  wonn  shaft 
placed  on  the  underframe,  and  connected  by  a  universally  jointed 
shaft.  The  shaft  is  carried  by  a  bracket  bolted  by  four  bolts  to  the 
underside  of  the  motor  baseplate.     Power  is  conveyed  from  the  lower 
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motor  crank<shftft  by  means  of  helical  gearing,  the  driven  wheel 
being  protected  by  an  aluminium  gear  case,  and  constantly  running  in 
oil.  It  is  always  in  gear  with  the  motor,  and  is  keyed  upon  a  hollow 
shaft  running  in  bearings  in  the  bracket  Between  the  two  bearings 
there  is  a  thrust  bearing  with  balls  to  t^ke  up  a  longitudinal  thrust  of 
the  cone  clutch.  The  clutch  shell  is  attached  to  the  helical  wheel, 
and  is  therefore  always  in  gear  with  the  motor.  The  clutch  cone 
slides  on  a  central  shaft  which  passes  through  the  hollow  shaft,  and 


which  is  articulated  by  means  of  the  jointed  shaft  coupling  to  the 
worm  shaft  which  actuates  the  road  wheels.  This  internal  shaft,  as  it 
passes  completely  through  the  hollow  shaft,  actuates  the  change  gear 
shown  at  the  right-hand  side  of  Fig.  729.  The  hollow  shaft,  to  which 
is  attached  the  outer  element  of  the  clutch,  is  always  running,  biding 
in  connection  with  the  motor,  whilst  the  centre  shaft,  to  which  the 
cone  part  of  the  clutch  is  attached,  as  well  as  parts  of  the  change- 
speed  gear,  is  in  constant  gear  with  the  road  wheels  of  the  car. 
On  the  left-hand  side  of  Fig.  729  is  shown  the  main  brake,  the 
brake  ring  being  indicated ;  the  recesses  shown  are  to  hold  grease. 
This  brake  consists  of  a  Hxed  double  cone,  which  engages  in  a 
corresponding  recess  in  the  clutch  cone.    When  the  clutch  cone  is 
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pushed  to  the  right  it  puts  the  driving  mecbanism  in  gear,  so  that  the 
car  starts  directly.  When  the  actuating  lever  is  put  in  a  central 
position,  the  cone  does  not  engage  at  all,  and  the  motor  runs  fireel}' 
without  propelling  the  car.  When  the  cone  is  pushed  back,  it  becomes 
in  turn  the  outer  element  of  a  clutch  or  brake,  the  internal  part  being 
fitted  to  the  car  frame  ;  the  whole  driving  of  the  car,  exceptii^,  of 
course,  the  steering,  can  thus  be  done  by  one  handle  under  ordinary 
conditions.  For  dealing  with  gradients,  however,  and  for  going  back- 
wards, change-speed  gearing  is  naturally  necessary.  This  is  shown  on 
the  right-hand  of  Fig,  729,  and  is  worked  from  the  driver's  seat  by  a 
separate  lever.  Trains  of  epicyclic  gear  are  used,  and  in  two  of  these 
gears  the  central  element  is  formed  by  means  of  teeth  cut  in  the  end 


Fig.  730.— Chassis  of  Oldbuobilk  Cak. 

of  the  hollow  shaft,  these  teeth  gearing  into  the  planet  wheels  of  the 
epicyclic  gear.  For  the  reversing  mechanism  the  planet  wheels  are 
mounted  on  pins  on  the  friction  drum  enclosing  them,  whilst  in  the 
low  gear  the  planet  wheels  are  on  pins  carried  on  the  centre  shaft  In 
the  reversing  gear  the  outer  element  is  connected  to  the  centre  shaft, 
whereas  in  the  low  gear  the  outer  element  fonns  the  friction  drum. 
The  compound  gear,  which  gives  an  intermediate  speed,  forms  a  train 
of  its  own,  and  is  mounted  on  the  extreme  end  of  the  centre  shaft.  It 
interacts  between  the  end  of  the  centre  shaft  and  the  low-gear  friction 
drum.  These  gears  are  put  into  action  by  means  of  the  connecting 
links  shown,  causing  a  clutch  action  to  take  place.  They  are  all 
controlled  by  one  handle  close  to  the  driver's  seat,  so  that  the  entire 
operation  of  the  car,  including  reversing,  may  be  carried  out  by  means 
of  this  lever,  supposing  high  speed  not  to  be  required.  In  Fig.  729  the 
gear  adjustment  screws  shown  are  for  taking  up  slack  due  to  the  wear 
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of  the  frictional  surfaces.  They  have  slotted  heads,  and  the  worm  of 
the  screw  enga^  with  the  fluted  ends  as  shown.  The  countershaft 
is  lubricated  by  a  pump.  In  the  clutch  mechanism,  both  plate  and 
clutch  surfaces  are  of  cast  iron.  The  change  mechanism  Is  always  in 
mesh,  and  the  frictional  parte  of  the  change  gears  is  cast  iron  or 
hardened  steel.  With  regard  to  the  steering,  the  steering  wheels  are 
mounted  on  short  axles  on  the  Ackerman  principle,  and  connected  so 
that  they  turn  together.  The  connecting  rod  from  the  steering  handle, 
or  tiller,  is  attached  to  the  bottom  lever.  Wire  spoked  road  wheels 
are  employed. 

The  Oldsmobile  is  an  American  petrol  mnabout  of  distincttve 


Fig.  731. — Section  of  Oldsmobile  Car. 

design,  as  evidenced  by  the  view  of  the  chassis.  Fig.  730.  A  section  of 
the  car  is  shown  by  Fig.  731,  and  a  description  of  the  running  gear  is 
pven  on  p.  417.  Motor  and  change-speed  gear  are  secured  in  achannel 
steel  rectangular  frame,  A,  mounted  on  two  composite  leaf  springs, 
B,  which  connect  the  front  and  rear  axles  C  D.  The  body  E  is 
secured  to  the  frame  A  by  bolts  provided  with  rubber  blocks,  which 
act  as  cushions.  The  one-cylinder  horizontal  motor  with  fly-wheel,  F, 
and  enclosed  crank  chamber,  G,  is  mounted  in  line  with  the  epicylic 
change-speed  mechanism  (see  p.  417) ,  which  gives  two  forward  speeds 
and  a  reverse,  changes  of  speed  being  brought  about  by  tightening 
band  brakes  and  working  a  clutch  as  previously  described.  One  lever, 
H,  does  all  the  speed  changing.  A  chain,  J,  drives  the  differential  on 
the  live  rear  axle.    The  motor  half-^peed  shaft  is  worked  by  spiral  gear. 
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and  inlet  and  exhaust  valves  are  operated  mechanically.  Though  the 
petrol  tank  K  is  below  the  level  of  the  carburetter  mixing  chamber 
L,  the  convenience  of  a  gravity  feed  is  obtained  in  an  ingenious  way, 
made  clear  on  p.  140.  The  exhaust  box,  described  on  p.  205,  is 
singularly  effective.  The  motor  cooling  water  is  forced  by  a  rotary 
pump  through  a  horizontal  plain  tube  radiator,  M,  arranged  in  front 
of  the  car  under  the  dash ;  the  pump  is  driven  through  a  flexible 
connection  from  the  motor  shaft.  The  motor  can  be  started  from  the 
seat  by  handle  N.  Pedal  O  reduces  compression  at  starting  by  lifting 
the  exhaust  valve.  Another  pedal,  P,  works  the  band  brake  Q.  The 
steering  tiller  and  connection  are  shown  by  R  S.  At  a  speed  of 
1,000  revolutions  the  power  is  about  4  h.p.,  and  the  weight  of  the  car 
is  about  356  kg.  (7  cwt.) 

Two  examples  of  cars  whose  live  axles  are  driven  by  spur 
gearing  will  now  be  described. 

The  Haynes-Apperson  car  has  been  known  in  America  since  1893, 
and  in  its  latest  form  it  possesses  some  interesting  features  differing 
from  European  practice.  The  angle  iron  frame  has  cross  tubes  at 
the  rear  end  for  supporting  the  motor  and  gearing,  arid  an  under- 
frame  consists  of  two  solid  reaches  connected  to  each  end  of  the 
live  rear  axle,  and  coming  together  to  form  a  swivel-jointed 
connection  at  the  centre  of  the  front  axle.  The  two-cylinder  balanced 
horizontal  motor  of  127  mm.  (5  in.)  bore  and  1524  mm.  (6  in.)  stroke, 
is  to  the  left  of  the  vehicle,  and  its  crank-shaft  directly  drives  the 
first-motion  shaft,  on  which  fij^ed  spur  wheels  mesh  with  loose  wheels 
on  a  shaft  immediately  below.  All  the  loose  wheels  have  ingenious 
band-brake  devices,  and  can  be  fixed  at  will,  so  as  to  drive  the 
second-motion  shaft  on  whose  inner  end  is  a  sprocket  wheel  from 
which  a  chain  passes  to  a  second  countershaft  above  the  live  rear  axle, 
the  final  drive  between  countershaft  and  axle  being  by  means  of 
two  spur  wheels.  There  are  three  forward  speeds  and  a  reverse. 
This  was  the  first  American  car,  it  is  believed,  to  employ  wooden 
road  wheels.  Roller  bearings  are  used  throughout  the  car,  except 
the  main  bearings  of  the  motor ;  the  crank-shaft  hearings  are  of  the 
roller  kind.  The  aluminium  radiator  is  tubular,  rectangular  in  form, 
and  has  92  ml  (100  sq.  ft.)  of  radiating  surface  ;  its  weight  is  about 
15  kg.  (33  lb.).  The  new  steering  system  consists  of  the  usual 
steering  pillar  with  wheel  or  tiller,  a  novelty  being  the  steering  box, 
which  is  attached  to  both   the   pillar  and  to  a  tube  crossing  the 
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car  a  short  distance  below  the  floor  line  in  such  a  manner  that  the 
steering  pillar  rotates  about  this  tube.  By  this  means  the  steering 
pillar  may  be  put  in  a  vertical  position  or  it  may  be  inclined  as 
desired,  a  small  toe  latch  maintaining  it  in  any  angle.  The  steering 
pillar,  just  before  piercing  the  floor,  passes  through  a  brass  ball 
rotating  on  pins  piercing  it  at  opposite  sides.  These  pins  are 
attached  to  a  brass  sliding  plate,  which  moves  backward  and  forward 
through  a  grooved  brass  guide,  and  so  steadies  the  column. 

The  ArroU- Johns  ton  12-h.p.  car  is  highly  ingenious  as  regards  its 
general  arrangement.  The  motor  has  two  horizontal  cylinders,  each 
containing  two  pistons,  and  is  water-cooled,  a  radiator  of  horizontal 
Clarkson  tubes  being  beneath  the  front  of  the  car.  The  petrol  tank 
is  in  front,  but  the  motor  and  gearing  are  at  the  back  and  high  up. 
For  the  most  part,  the  main  frame  is  of  T-section  steel.  The  main 
clutch  is  on  one  end  of  the  crank-shaft,  and  the  flywheel  on  the  other, 
and  the  sliding  spur-wheel  gearing  is  enclosed  in  a  casing  beneath. 
The  first-motion  shaft  is  chain-driven  from  the  motor,  and  the  second- 
motion  shaft  drives  by  means  of  a  second  Renolds  silent  chain  a  small 
lay  shaft  carried  upon  the  live  rear  axle.  The  lay  shaft  drives  the 
differential  on  this  axle  by  enclosed  spur  gearing.  The  gear  wheels 
on  the  first-motion  shaft  are  fixed,  those  on  the  second-motion  shaft 
are  sliding,  and  for  the  reverse  there  is  an  intermediate  spur  wheel,  all 
four  forward  speeds  and  the  reverse  being  operated  by  a  single  side 
lever  which  works  through  three  cams.  The  rear  wheels  rua  on  ball 
bearings  introduced  between  the  hubs  and  the  steel  tubes  which 
enclose  the  live  axle ;  thus  the  stationary  portion  of  the  axle  takes 
the  weight  of  the  car.  The  motion  is  governed  on  the  hit-and-miss 
principle  and  by  an  uncommonly  sensitive  inertia  governor,  which 
cuts  out  one  cylinder  before  the  other.  A  special  accelerator  is 
operated  by  turning  round  the  handle  of  the  change-speed  lever. 
Low-tension  igniters  take  current  from  a  magneto,  and  the  carburetter 
is  of  the  Daimler  float-feed  type.  The  two  cranks  are  opposite  to  one 
another,  and  the  two  forward  pistons  are  connected  with  the  one 
crank  pin  and  the  two  rearward  ones  with  the  other.  A  small  force 
pump  lubricates  most  of  the  motor's  moving  parts,  these  being 
enclosed  and  having  through  passages  to  their  bearings.  A  wick 
lubricator  is  mounted  above  the  cylinders,  and  four  separate  pipes 
lead  from  it  to  the  pistons.  The  motor  is  started  by  means  of  a 
wooden  handle  fixed  to  the  end  of  a  rope  passing  round  a  pulley 
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beneath  the  dash  in  such  a  manner  that  the  driver  can  haul  it  up 
towards  him  from  the  seat.  Normally  the  running  mechanism  is  out 
of  engagement  with  the  crank-shaft  and  is  brought  into  gear  with  it 
automatically  when  starting.  The  car  is  built  somewhat  high,  and 
usually  is  fitted  with  solid  rubber  tyres,  being  specially  intended  for 
all-round  work  in  Scotland.  The  steering  gear  provides  an  ex- 
ceptionally large  range,  it  being  possible  to  turn  round  in  a  com- 
paratively narrow  street.  Considering  the  high  centre  of  gravity,  the 
car  possesses  great  stability. 

The  petrol  car  has  been  adapted  to  commercial  purposes,  that 
is,  the  delivery  of  goods  in  town  and  country.  Petrol  delivery  vans 
differ  from  touring  cars  practically  only  in  the  shape  of  the  body, 
the  frame  and  mechanism  being  altered  but  little.  So  much  so 
is  this  that  there  would  be  little  purpose  in  describing  many  examples 
of  commercial  vehicles,  and  all  that  will  be  done  here  is  to  treat 
the  Milnes  petrol  lurry  in  detail  and  one  example  of  alcohol  lurry, 
in  both  of  which  the  motor  and  mechanism  have  been  designed 
with  the  conditions  of  their  ultimate  employment  well  in  mind. 

The  Milnes  lurry  is  shown  in  elevation  by  Fig.  7JJ2,  and  in 
plan  by  Fig.  733.  The  propelling  mechanism  is  suspended  from  the 
channel  steel  main  ffame,  the  motor  E  being  mounted  towards 
the  front  of  the  frame,  and  its  power  being  transmitted  from 
its  crank,  shaft  through  a  friction  clutch,  C,  to  the  first  motion 
shaft  of  the  change-speed  gear  enclosed  in  case  G.  The  second 
motion  shaft  of  the  change-speed  gear  is  connected  by  jointed 
rod  D  to  a  short  shaft  carrying  a  bevel  pinion  which  gears 
with  a  bevel  wheel  mounted  on  the  sleeve  of  the  differential  gear  H 
on  the  divided  cross  shaft  J.  Keyed  spur  pinions  at  the  end  of  the 
cross  shaft  gear  with  internally  toothed  rings  on  the  rear  road  wheels. 
The  cross  shaft  and  the  short  shaft  carrying  the  bevel  pinion  are 
mounted  in  bearings  attached  to  two  longitudinal  wooden  radius 
bars,  shown  in  Fig.  732,  which  are  connected  by  cylindrical  bearings 
on  the  rear  axle  and  pivoted  at  their  front  ends  from  the  longitudinal 
members  of  the  frame  ;  these  bars  preserve  the  necessary  radial 
distance  for  the  shaft  D  and  for  the  spur  wheels  K.  The  motor  E  has 
four  vertical  cylinders  whose  bodies  and  heads  are  cast  together  in 
pairs,  so  that  there  are  no  external  water  joints.  The  mechanically 
operated  admission  and  exhaust  valves  are  in  separate  pockets  on 
opposite   sides   of  the    combustion  chambers,  and   the  low  tension 
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electric  ignition  is  of  the  Simms-Bosch  rotary  type.  In  order  that 
either  petroleum  or  petrol  spirit  may  be  used,  there  are  two  float-feed 
carburetters,  one  being  fed  by  gravity  from  the  petrol  spirit  tank 
behind  the  driver's  seat,  and  the  other  by  exhaust  pressure  from  the 
petroleum  tank  L,  suspended  below  the  underframe  at  the  back ;  the 
induction  tube  is  exhaust-jacketed  for  a  considerable  length,  so  as  to 
vaporise  the  heavy  oil.  The  motor  is  started  with  spirit  and  main- 
tained with  oil,  and  to  govern  it  the  supply  of  carburetted  mixture 
can  be  throttled  ;  X  Y  show  the  governor.  The  exhaust  from  all  four 
cylinders  is  taken  by  a  single  pipe  to  the  silencer  S.    For  cooling  the 
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cylinder  jacket  water,  a  combined  tank  and  radiator,  W,  of  the  air 
tube  and  fan  type,  is  attached  to  the  underframe  in  front.  The  metal 
cone  friction  clutch  is  controlled  by  the  pedal  P.  The  change-speed 
gear,  of  the  sliding  spur-wheel  type,  is  arranged  on  the  Cannstatt 
system,  the  spur  pinions  of  the  four  forward  speeds  being  mounted  in 
pairs  and  controlled  by  a  hand  lever  U.  To  obtain  a  reverse  speed, 
lever  F  throws  in  a  third  pinion  between  two  of  the  forward  gears 
when  these  are  not  engaged.  A  section  of  the  change-speed  gear  is 
shown  by  Fig.  734,  whilst  Fig.  735  is  a  plan  and  section  of  the  com- 
bined bevel  and  differential  gear.  The  steering  is  arranged  on  the 
Ackermann  system,  and  is  controlled  by  the  hand  wheel  T,  there 
being  the  usual  worm  and  sector  gear.  There  is  a  pedal-operated 
double-acting  brake  on  the  countershaft  (second-motion  shaft),  and 
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block  brakes  M,  applied  through  worm  gearing  from  the  hand  wheel  V, 
act  on  the  tyres  of  the  rear  wheels.  Details  of  the  countershaft  brake 
are  illustrated  by  Fig.  736.  It  has  been  remarked  that  the  motor 
approaches  as  near  perfection  as  any  heavy  oil  motor  yet  employed 
upon  a  self-propelled  vehicle. 

The  alcohol-driven  lurry  of  the  Soci^t^  Nancienne  is  illustrated 
in  front  view  by  Fig.  737.  whilst  Fig.  738  shows  a  sectional  eleva- 
tion of  the  vehicle.  The  main  frame  is  of  channel  steel  lined  with  wood, 
and  it  supports  the  Gobron-Brilli^  two-cylinder  motor  (p.  245)  through 


Fig.  735. — MiLXBB  DRiriMo  Shaft  ano  Diffbskntiai.  Gbar. 

a  ptur  of  bent  girders  strongly  braced  in  front.  There  are  three 
mechanical  changes  of  speed  and  one  reverse,  but  the  ignition  is 
varied  with  ease,  and  intermediate  speeds  are  possible.  The  32  kg. 
(70  lb.)  fly-wheel  transmits  power  by  means  of  a  cone  friction  clutch 
to  the  change-speed  gear  wheels,  whose  secondary  shaft,  by  means 
of  gear  wheels,  drives  the  differential  upon  whose  periphery  works 
a  double-acting  brake.  A  spring  pawl  adapted  to  the  hand  wheel 
which  actuates  the  shoe  brakes  prevents  slipping  of  the  sprocket 
upon  which  the  chain  operating  the  shoes  is  wound.  The  steering 
gear  is  of  peculiar  design,  as  illustrated  in  Fig.  738.  The  total 
weight  of  the  lurry  is  25  tons,  and  Us  load  is  from  3  to  5  tons      Its 
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consumption  of  alcohol  when  carrying  a  load  of  337  tons  at  a  speed 
of  9-1  km.  (14-6  miles)  per  hour  over  bad  roads,  works  out  at  -0963 1, 
per  car  ton-kilometre,  or  1678  L  per  ton-kilometre  load  (2728  pt  per 
car  ton-mile,  or  4748  pt.  per  ton-mile  load). 

Motor  fore-carriagea  easy  to  couple  to  any  kind  of  car  would  have 
many  advantages  ;  for  instance,  ordinary  cars  could  be  employed  and 
yet  remain  suitable  for  horses ;  the  cars  would  be  hauled  and  not 
pushed :  motor  and  body  easily  could  be  kept  separated,  and  conse- 
quently there  would  be  no  vibrations.  Enthusiasts  add  that  trans- 
mission would  be  simplified,  all  the  weight  of  the  motor  would  be 
utilised  for  adherence,  on  falling  gradients  and  slippery,  wet  ground 
the  weight  of  the  fore-carriage  would  prevent  the  rear-carriage  from 


Fig.    736. — HlLNES  CoVNTEBSHArr  Bkake. 
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rocking,  and  that,  lastly,  when  stopping  suddenly,  the  front  wheels 
could  be  locked  and  the  car  prevented  from  swinging  round. 

But  for  all  these  advantages  there  are  but  few  examples  of 
practicable  motor-fore-carri^es  in  actual  employment,  and  there  has 
been  but  little  progress  during  the  past  three  or  four  years.  It 
is  not  thought  desirable  to  more  than  mention  here  a  few  of  the 
many  suggested  contrivances. 

The  Pr^tot  fore-carriage,  the  first  of  the  type,  was  on  view  at  the 
Salon  du  Cycle  et  de  I'Automobile  of  1896.  All  the  mechanism, 
motor  and  transmission,  was  enclosed  in  a  box  suspended  by  springs 
above  the  axle,  and  was  bathed  in  oil.  The  box  had  a  rolling  path 
similar  to  that  of  the  fore-earrif^e,  which  was  detached  from  the  car, 
coupling  being  accomplished  by  the  ordinary  pivot.  Changes  of 
speed  were  obtained  by  a  device  described  on  p.  408,  unfortunately  of 
delicate  structure  and  difficult  to  lubricate.    Forward  and  backward 
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motion  were  given  by  a  single  lever,  as  were  also  the  rate  of  speed,  the 
locking  of  the  brake  on  the  differential,  and  stoppage.  It  was 
ingenious,  but  did  not  give  good  work,  partly  because,  to  relieve  the 
pivot,  the  fore  springs  were  subjected  to  traction  strains. 

The  Riancey  fore-carriage  (Fig.  739)  hauls  a  rear-carriage.  The 
motor  18  placed  before  the  only  axle  of  the  fore-carriage,  and  its  shaft 
drives  by  a  bevel  gearing  a  transversal  shaft,  carrying  the  speed- 
changing  and  reversing  gear,  and  by  them  the  diHerential  shaft  upon 
which  the  wheels  are  keyed.  The  heads  of  the  connecting  rods  and 
the  gearing  dip  into  oil  contained  by  the  water-tight  gear  case,  under 
which  are  the  petrol  spirit  tank  and  the  silencer.  The  accumulators 
and  ignition  coil  are  behind  the  fore- carriage.    This  last  is  coupled 


to  the' rear-carriage  by  means  of  a  socket,  around  which  it  turns  for 
steering,  and  in  which  it  can  ascend  and  descend  to  constantly  keep 
the  four  wheels  in  contact  with  the  ground.     There  are  two  brakes. 

Some  other  systems,  which  in  some  cases  are  only  suggestions, 
may  be  noted.  Those  of  Amiot-P^neau  with  its  Daniel  Aug^  motor, 
Fonsard-Ansaloni  with  "a  Roser-Mazurier  motor,  and  Dor^  driven 
by  petrol  or  electricity  may  be  mentioned  merely.  The,  Lockert 
fore-carriage  has  belt  and  friction  plate  transmission  which  can 
be  replaced  by  toothed  gear.  The  £mile  Salles  fore  -  carriage 
has  its  motor  driving  a  flexible  shaft,  which  communicates 
motion  to  the  wheels  mounted  to  turn  in  chapes.  The  Ringel- 
mann  fore-carri^e  has  a  steering  wheel  in  front,  united  to  the 
supporting  springs  by  a  triangular  frame,  which  carries  the  motor, 
whose  movement  is  transmitted  by  chains  to  toothed  wheels  keyed  on 
the  axle.  This  fifth  wheul  is  found  in  the  Johnson  fore-carriage, 
ss  2 
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which,  like  the  petrol-electric  cars  described  in  Chapter  XX.,  has  a 
two-cylinder  petrol  motor,  a  generating  dynamo,  an  electric  motor, 
and  a  battery  of  accumulators,  the  last-named  storing  the  current 
when  the  electric  motor  does  not  consume  alL  The  dynamo  is 
run    by   the    petrol    motor,   and    the    electric    motor    and    a    belt 


communicate  motion  to  the  driving  wheels.  Finally,  the  Heilmann 
four-wheel  bogie  is  a  regular  tractor  which  can  haul  any  car  coupled 
to  it  after  removing  the  fore-carriage.  For  some  months  the  inventor, 
Heilmann,  employed  it  to  haul  a  landau,  and  he  has  attempted  to 
modify  the  bulk,  weight,  and  inartistic  appearance  of  the  fore- 
carriage,  and  to  substitute  a  petrol  motor  with  magnetic  coupling  for 
speed -changing  for  the  electric  motor  previously  employed. 
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ELECTRIC  AUTOMOBILE  CARRIAGES, 

The  plan  or  general  arrangement  of  an  electric  car  is  understood 
easily.  It  comprises  (1)  accumulator  cells  divided  into  several 
batteries  usually  enclosed  by  cases,  but  sometimes  grouped  in  a  frame 
under  the  car  frame ;  (2)  a  motor,  sometimes  keyed  on  a  shaft  con- 
centric with  the  differential  shaft  carrying  the  wheels,  but  more 
generally  it  is  on  a  shaft  which  drives  the  differential  shaft  by  gearing, 
this  gearing  working,  by  endless  chains,  the  loose  wheels  on  the  axle ; 
very  rarely  mechanical  speed-changing  devices  are  employed ;  (3)  a 
controller  or  coupler  to  distribute  current  and  make  couplings  suitable 
to  the  momentary  requirements  in  driving  the  car.  Also  there  are  : 
a  rheostat  with  graduated  resistances;  amperemeter  mounted  in 
tension  on  the  circuit ;  a  voltmeter  placed  on  a  shunt,  sometimes  an 
energy  recorder  which  shows  the  amount  contained  in  the  accumu- 
lators at  any  moment;  two  fusible  cut-outs  placed  on  the  wires 
running  from  the  accumulators  at  a  point  before  their  passage  into 
the  mechanism ;  and  there  is  an  interrupter,  a  kind  of  key  which  the 
driver  takes  away  when  he  leaves  the  car. 

The  first  electrically  driven  road  vehicles  appeared  in  1881,  when 
Raffard  drove  a  tricycle  with  an  electric  motor  of  7  kgm.  (50*63 
ft.-lb.)  power,  fed  by  twelve  Faure  small  accumulator  cells ;  the 
vehicle  weighed  only  80  kg.  (176  lb.).  An  omnibus  owned  by  the 
Compagnie  Grenerale  des  Omnibus  of  Paris  he  transformed  for  running 
on  rails  and  ordinary  roads,  Pouchain's  six-seat  phaeton  (1893)  had 
four  aluminium  boxes  lined  with  celluloid,  each  containing  thirteen 
Dujardin  accumulator  cells  having  a  total  weight  of  500  kg.  (1,100  lb.), 
about  one-third  of  the  weight  of  the  entire  car,  which  was  driven  by  a 
Rechniewski  motor.  Bogard's  two-seat  dogcart,  weighing,  when 
loaded,  2,300  kg.  (5,060  lb.),  was  fitted  much  the  same.  In  1896 
Darracq  exhibited  at  the  Paris  Salon  du  Cycle  a  very  interesting 
coupe. 

The  Morris  and  Salom  electrobat,  the  first  electric  car  that  ever 
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ran  in  America  (August  31st,  1894),  was  a  large  dogcart  with  six 
places,  mounted  on  wooden  wheels,  with  iron  tyres  and  ball  bearings. 

As  a  rule,  the  electric  voiturette  does  not  seem  to  commend  itself, 
owing  to  the  difficulty  in  fixing  the  accumulator  and  its  slight  radius 
of  action.  The  steering  driving  fore-carriage,  carrying  a  battery  and 
a  motor,  was  still  less  commendable,  and  does  not  promise  much. 
Perhaps  on  account  of  the  facilities  of  new  supplies,  and  for  other 
reasons,  the  electric  voiturette  will  be  more  serviceable  in  America, 

Many  constructors,  especially  modem  ones,  recommend  the  use 
of  double  motors  for  heavy  cars,  and  this  makes  it  possible  to  dis- 
pense with  dififerential,  toothed  gear,  etc.  Recuperation,  which  has 
been  abandoned  in  the  case  of  tramcars,  has  been  found  highly 


Fig.  740. — AULTMAN  K1.ECTIUC   LlJRKY. 

suitable  for  cars,  whilst  the  electric  brakes  generally  fitted  have  the 
advantage  over  mechanical  brakes  of  locking  the  two  wheels  more 
evenly  and  thus  lessening  skidding.  The  actual  suspension  bv  half- 
nippers  in  front  and  nippers  in  the  rear  can  be  replaced  profitably 
by  nippers  in  front  and  crooked  nippers  with  clicks  in  the  rear. 
Steering  with  a  one-pivot  fore-carriage  gives  very  good  results,  and 
greater  solidity  would  be  given  if  the  pivot  of  many  existing  cars 
were  lowered  a  little. 

The  main  frames  of  electric  cars  may  receive  attention. 

The  Aultman  two- ton  electric  lurry  has  the  rectangular  channel 
steel  frame  shown  in  Fig.  740,  and  the  battery  is  supported  in  a 
receptacle  under  the  platform.  The  two  electric  motors  are  geared 
to  the  back  wheels  as  in  Fig.  316,  p.  320. 

Frames  such  as  are  illustrated  by  Figs.  741  to  743  have  one 
particular  object;  they  form  a  "perch  pole"  or  "reach/*  coupling 
the  back  to  the  front  axle,  so  that  the  two  are  propelled  together,  and 
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the  power  has  not  to  be  transmitted  mdirectly  through  the  car  springs 
as  it  has  to  be  in  the  type  illustrated  by  Fig.  740. 

The  Scheele  sectional  steel  frame  (Fig.  741)  carries  two  electric 
motors  geared  as  illustrated  to  the  back  wheels. 

The  chassis  of  the  Joel  voiturette  is  shown  in  plan  and  end  view 
by  Figs.  742  and  743.  The  steel  tube  frame  carries  two  electric 
motors  which  drive  the  re«u:  road  wheels  by  means  of  bicycle  chains. 
The  half-elliptical  suspension  spring  in  front  is  placed  horizontally, 
and  is  pivoted  to  the  centre  of  the  front  axle ;  whilst  at  the  back  a 
similar  spring  is  in  a  vertical  position,  and  is  secured  to  the  centre  of 


Fig.  741. — ScHEBLB  Electric  Cau  Fhamb. 

the  rear  axle ;  thus  there  is  provision  for  resilient  movement  both 
horizontally  and  vertically.  The  chains  are  adjustable,  and  are  kept 
in  proper  tension  by  the  front  springs,  whilst  the  back  spring  takes 
up  the  strain  of  starting  the  car.  The  batteries  are  under  the  car 
seats.    Joel  motors  are  described  on  pp.  324  to  327. 

The  de  Dion-Bouton  electric  car  employs  a  large,  slow-speed  four- 
pole  motor,  mounted  in  the  position  occupied  by  the  change-speed 
gear  in  those  petrol  cars  which  drive  through  a  longitudinal  shaft 
This  enables  very  simple  arrangement  of  the  parts,  but  is  to  a  certain 
extent  at  the  expense  of  weight,  since  the  speed  reduction,  owing  to 
the  method  of  i;nounting,  is  confined  within  certain  limits,  and  this 
involves  a  slow  speed,  and  consequently  a  comparatively  heavy  motor. 
This,  however,  is  not  a  serious  addition  to  the  total  weight  of  the  car. 
The  motor  has  a  speed  of  800  revolutions  per  minute,  and  it  drives 
direct  on  the  live  rear  axle  differential  by  means  of  a  short  longitudinal 
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shaft  and  bevel  gearing.  The  motor  is  completely  enclosed  in  an 
aluminium  casing,  and  there  are  inspection  apertures  on  the 
commutator  side  near  the  brush  holders.     The  brushes  are  normal  to 

the  commutator,  as  usual  with 
this  type  of  motor,  and  the 
armature  is  drum-wound  with 
a  tooth  core.  The  controller  is 
light  and  compact,  weighing 
only  8-35  kg.  (18-4  lb.),  and  is 
mounted  underneath  the  front  of 
the  car  in  an  aluminium  frame, 
being  fixed  in  its  dififerent  posi- 
tions by  a  spring  pawl.  The 
aluminium- bronze  contact 
springs  are  pressed  against  the 
«.    ^.o     T5       ,.  ,       ,-  contact  pieces  on  the  drum  by 

steel  springs,  but  in  each  case 
the  current  is  carried  by  special  copper  connections.  The  move- 
ments of  the  controller  cylinder  are  effected  by  chain  wheel  trans- 
mission, which  is  operated  by  a  hand  wheel  mounted  on  the  steering- 


Fig,  743. — Plan  op  Joel  Voiturette  Chassis. 

pillar.  The  controller  is  arranged  to  give  four  speeds  by  series  and 
parallel  grouping  of  the  field  windings  and  the  battery.  The  reverse 
is  effected  by  a  special  switch.  A  series  of  resistances  can  be 
successively  thrown  into  circuit  by  means  of  a  pedal,  and  give  speeds 
between  those  obtained  by  the  controller ;  the  extreme  position  of  this 
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pedal  interrupts  the  circuit  and  applies  the  rear  wheel  brakes.  The 
tubular  frame  is  adapted  for  almost  any  type  of  body.  The  steering 
is  of  irreversible  pattern,  and  the  wheels  are  provided  with  90  mm. 
(3*54  in.)  tyres  with  thickened  threads.  It  is  not  unnatural  that 
there  are  considerable  traces  of  petrol  car  practice  in  the  design  and 
construction  of  the  vehicle. 

An  old-type  Jenatzy  car  is  represented  by  Fig.  744.  The  forty- 
four  elements  Bjj  are  in  two  boxes  front  and  rear  of  the  body. 
There  is  a  series  motor  with  two  poles  and  a  drum  secondary  coil 
driving  the  differential  shaft,  which,  by  chains  and  pinions,  moves 
the  rear  wheel  The  speed  can  be  varied  (1)  by  parallel  connec- 
tions of  the  two  batteries  (for  slow  speed),  or  series  coimections 
(for  full  speed),  (2)  by  inserting  variable  resistances  in  the  circuit, 
(3)  by  placing  a  pair  of  toothed  wheels  in  the  transmission,  reducing 
the  speeds  given  by  the  preceding  devices  in  the  ratio  of  100 
to  67.  Combination  of  these  three  means  gives  a  varied  scale  of 
speeds.  To  simplify  the  controller,  it  is  not  employed  either  for 
recuperation  or  for  braking.  A  handle  serves  to  place  the  motor 
in  the  circuit  and  insert  the  resistances;  moved  in  the  opposite 
direction,  it  gives  reverse  motion  at  the  same  rate  of  speed  as 
forward.  The  car  is  very  simple.  The  driver  has  before  him  the 
coupler;  on  the  left  the  mechanical  speed-changing  lever;  on  the 
right  the  steering  lever;  and  at  his  feet  the  pedal  of  the  band 
brake  mounted  on  the  differential  shaft.  The  shoes  can  be  locked 
on  the  rear  pneumatic  tyres  by  means  of  a  hand  crank.  Hospitalier 
remarks  that  this  handle  ought  also  to  switch  off  the  current,  so  that 
the  car  cannot  be  set  in  motion  as  long  as  the  brakes  are  locked. 

In  a  Jenatzy  cab  and  delivery  car  there  are  two  motors,  each  of 
which  drives  a  rear  wheel  by  gearing ;  change-speed  gear  and  the 
differential  are  therefore  suppressed  The  single  controller  is  re- 
placed by  a  rheostat  with  handle,  placed  in  the  general  circuit 
and  three  buttons  for  connecting,  in  series  or  multiple  circuit,  the 
two  halves  of  the  battery,  the  two  primaries,  and  two  secondaries, 
according  to  the  combinations  in  the  table  given  at  the  top  of  the 
next  page.  The  lever  for  working  the  rheostat  has  the  ten  different 
positions  shown* 

Hospitalier  fears  that,  in  difficult  cases,  working  of  the  rheostat  and 
button  may  cause  errors  impossible  with  an  ordinary  controller.  The 
torpedo  car — the  "  Jamais  Contente  " — with  which  Jenatzy  won  the 
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Multiple 
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Muitipio 

kilometer  record  in  1899  had  the  form  Of  a  shell  with  a  double 
point.  It  was  mounted  on  four  wheels,  each  65  cm.  (256  in.)  in 
diameter ;  the  two  rear  wheels  were  interdependent  with  the  secondarj- 


Fig.  741. — Jbnatxt  Electkic  Coufi. 

coil  of  a  motor.  At  a  speed  of  nearly  106  km.  (658  miles)  per  hour 
which  was  realised  during  a  minute,  the  secondary  coils  turned  at 
the  rate  of  900  revolutions  per  minute.  Considering  the  power 
expended  at  starting  (250  amperes  at  200  volts),  it  would  have 
been  difficult  to  have  this  power  utilised  by  a  motor  turning  quicker, 
without  complicating  transmission  and  decreasing  efficiency. 

The  British  Electromobile  Company's  electric  car,  the  chassis  ot 
which  is  illustrated  in  Fig.  745,  was  introduced  at  the  beginning  of 
1902.  It  has  two  electric  motors,  A,  mounted  on  the  rear  axle,  each 
driving  independently  one  of  the  rear  wheels  by  spur  gearing.    Instead 
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of  being  mounted  on  a  false  axle  which  turns  with  the  whofel,  as  in 
the  Kri^r  aystein,  the  motors  are  mounted  on  the  spring  suspension 
principle  on  the  lixed  rear  axle.  To  ihe  framing  of  the  car  on  either 
side  is  secured  a  bracket,  B,  which  bears  the  spiral  spring  C, 
attached  to  the  top  of  the  motor,  the  thrust  of  the  motor  when 
driving  being  thus  spring-cushioned  on  to  B.  The  spur  gearing  is 
completely  enclosed  inside  casing  D,  this  casing  being  in  one  piece 
with  the  brake  drums  E  secured  to  the  wheel  spokes.  An  additional 
external  bearing  in  the  gear  casing  at  F  is  supplied  for  the  pinion 
shaft    The  controller  G  is  mounted  with  a  slight  rake,  as  illustrated, 


to  ^;ree  with  the  inclination  of  the  steering  pillar  H.  The  steering  is 
by  worm  gearing,  and  is  illustrated  sufficiently  at  J,  whilst  K  shows 
the  method  of  applying  the  brake  to  the  rear  wheel  by  the  pedal  L, 
shown  on  the  far  side  of  the  controller.  A  form  of  a  quick  make- 
and-break  action,  similar  in  principle  to  the  quick  make-and- break 
employed  in  switches  for  electric  lighting,  causes  the  controller  to 
snap  rapidly  from  one  position  to  another,  thereby  reducing  to  a 
mioimum  any  evils  that  may  result  from  sparking.  The  contact 
springs  are  of  phosphor-bronze  with  copper  contact  pieces.  The 
connections  for  recuperation  are  entirely  outside  the  main  controller, 
and  are  made  by  special  pedals,  not  shown  in  Fig.  745,  the  arrange- 
ments being  that  when  the  driver  desires  to  recuperate  he  presses 
down  one  of  these  pedals,  putting  the  controller  in  the  position  which 
arranges  the  combination  which  would  ordinarily  produce  citlier  the 
first  or  second  speed  forward.      This  then   automatically  gives  the 
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required  degree  of  recuperation.  The  second  foot  pedal  puts  in  a 
series  of  resistances  which  can  be  cut  out  gradually  by  movement 
of  the  pedal,  and  these  resistances  can  be  used  either  to  modify 
the  speed  when  running  forward  or  to  modify  recuperation  when 
recuperation  is  being  employed.  The  controller  is  contained  in  a 
water-tight   aluminium   case,  and   being  quite   independent  of  the 


Pig.  7*6.— CiTif  ASD  SinvwBAN  Elkctbic  Victoria, 

steering  pillar,  the  whole  of  the  circumference  of  the  controller 
cylinder  can  be  utilised.  There  are  eight  positions  for  the  handle, 
and  each  position  is  at  an  angle  of  45°  with  the  next.  These 
positions  give  one  reverse  speed,  electric  brake,  stop,  and  five 
forward  speeds.     The  cars  have  Leitner  batteries. 

The  City  and  Suburban  electric  cars  have  been  running 
successfully  for  a  number  of  years ;  they  are  made  in  many  styles, 
from  the  light  and  cheap  runabout  to  the  graceful  but  substantial 
Victoria  shown  by  Fig.  746,  this  figure  being  a  reproduction   of  a 
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photograph  of  a  car  made  for  Queen  Alexandra.  Compactness  is 
a  characteristic  of  cars  of  this  make.  The  system  of  control  is 
described  on  p.  747. 

The  Electromobile  vehicles  now  differ  from  one  another  only  in 
the  bodies  attached,  and  all  the  mechanism,  etc.,  is  on  the  Contal 
system  and  is  standardised.  The  landaulette  is  a  new  type  of 
vehicle  specially  designed  for  London  use.  The  light  rectangular 
frame  is  of  channel  steel,  with  two  cross  struts  of  similar  material 
near  the  front  and  the  rear.  A  single  series-wound  Contal  motor 
is  mounted,  with  spring  suspension  about  the  rear  axle,  and  drives 
through  completely  enclosed  double-reduction  gearing  on  to  the 
differential  of  the  live  rear  axle.  The  wheels  are  of  the  artillery 
type,  and  the  rear  ones  have  expanding  brakes  operated  by  a  pedal, 
and  consisting  of  two  pivoted  blocks  mounted  inside  a  ring  and 
expanded  by  means  of  a  double  toggle  joint  operating  against  the 
action  of  a  powerful  spiral  spring.  The  controller  is  mounted 
horizontally  in  front  of  the  chassis,  and  is  operated  by  a  hand  lever 
immediately  under  the  steering  wheel,  which  actuates  it  by  means 
of  a  sleeve  passing  down  the  inclined  steering  pillar,  and  carrying 
a  quadrant  at  its  lower  end,  which  engages  with  a  spur  wheel  on 
the  end  of  the  controller.  The  various  positions  of  the  controller 
give  five  speeds  and  a  reverse  by  different  groupings  of  the  motor 
fields,  and  arranging  resistances  in  connection  with  them.  Two 
positions  of  the  controller  also  provide  an  electric  braking  effect, 
in  the  first  of  which  the  armature  circuits  are  closed  through  a 
resistance,  and  in  the  second  of  which  they  are  short  circuited 
altogether — current  in  that  case  being  separately  provided  for  the 
fields.  A  quick  brake  cut-out  is  operated  by  the  brake  pedal,  so 
that  the  rear  wheel  brakes  cannot  be  applied  without  first  throwing 
the  motor  out  of  action.  The  battery  is  slung  exactly  in  the 
middle  of  the  frame,  and  mounted  underneath  it  so  as  to  render 
the  batteries  readily  interchangeable  ;  the  battery  box  is  carried  by 
four  lugs,  through  which  project  four  stout  horizontal  taper  pins, 
when  it  is  in  position.  When  a  battery  is  to  be  removed  its 
weight  is  taken  by  a  lift  or  jacks,  the  taper  pins  are  screwed  back 
by  winches,  and  the  battery  box  can  be  then  lowered,  the  carriage 
wheeled  away,  and  a  fresh  battery  attached  to  it  The  battery  box 
itself  contains  an  adjustment  by  which  all  the  cells  can  be  tightened 
up  in   position,  and   this,  of  course,  can  be  relaxed  for  removing 
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them  for  inspection.  When  the  battery  box  is  to  be  dismounted, 
connection  between  it  and  the  car  can  be  severed  completely  by  a 
flexible  connection  and  a  concentric  plug.  This  plug  is  removed 
for  charging  and  another  one  inserted.  This  method  completely 
obviates  the  possibility  of  the  car  being  started  whilst  in  course  of 
charging,  as  sometimes  may  happen  when  a  car  is  charged  through 
the  controller.  The  battery  consists  of  forty-four  Contal  cells  of 
135  nominal  ampere  hours,  though  said  to  give  150  ampere  hours 
in  practice.  Each  cell  contains  twenty-one  plates  of  the  mechanically 
pasted  tjrpe,  and  weighs  131  kg.  (28*8  lb.)  complete. 

The  Contal  electric  motor,  employed  on  Electromobile  vehicles, 
was  designed  by  Contal  and  P.  Gasnier ;  its  novel  disposition  of  the 
windings  permits  of  reducing  the  magnetic  leakage  to  a  minimum 
without  any  magnetic  joints,  the  motor  working  sparklessly  with  fixed 
brushes,  with  a  relatively  small  amount  of  copper,  and  in  a  small 
space.  Its  speed  is  1,800  revolutions  per  mifiute.  The  weight  is 
125  kg.  (27*5  lb.)  per  B.  H. P. ;  its  efficiency, according  to  tests  made 
by  the  Laboratoire  Central  d'Electricite,  varies  between  80  and  87  per 
cent  Spiral  springs  acting  as  buffers  are  placed  between  the  motor 
and  the  lower  part  of  the  underframe.  The  general  method  of 
mounting  the  motor  is  rather  peculiar.  It  runs  upon  a  hollow  shaft, 
through  the  centre  of  which  runs  the  driving  shaft  connected  to  the 
driving  wheels  and  the  compensating  gear,  the  latter  being  driven 
from  the  motor  by  a  kind  of  back  centre  reduction  gear.  The 
following  speeds  are  available  on  the  Contal  system  : — 
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The  Vehicle  Equipment  Company's  electric  brougham  has  down- 
wardly projecting  vertical  guides  fixed  to  the  main  frame  at  each 
side,  so  that  the  front  and  rear  axles  are  free  to  slide  in  them 
against  the  action  of  compression  springs.  The  axles  have  square 
boxes  which   fit    in    the  guides,   the  arrangement   resembling   the 
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railway  practice  of  employing  horn 
plates.  There  are  double-elliptic  side 
springs  at  the  rear  between  the  frame 
and  the  axle,  outside  the  guides  ;  two 
semi-elliptic  transverse  springs  form- 
ing an  X  serve  the  same  purpose  in 
front,  the  ends  of  the  upper  spring 
being  secured  to  pins  passing  across 
the  guides,  and  the  ends  of  the  lower 
spring  being  articulated  to  the  boxes 
on  the  axle.  Two  separate  motors 
are  mounted  about  a  stationary  rear 
axle,  and  drive  by  raw  hide  pinions 
on  to  spur  wheels  attached  to  the 
spokes  of  the  driving  wheels.  The 
driver's  seat  is  perched  up  behind 
as  in  a  hansom,  and  steering  is  by 
tiller.  The  controller  is  under  the 
seat,  and  gives  four  forward  speeds 
and  two  reverse.  The  battery  is 
slung  under  the  centre  of  the  frame 
in  a  cradle,  so  that  the  battery  can 
be  slid  out  at  either  side. 

Jeantaud  cars  belong  to  two  dis- 
tinct types,  a  laudau  with  rear  driving 
axle  and  coup6  with  steering  motor 
fore-carriage.  The  drojki,  a  pleasure 
carriage  with  a  single  seat  in  front, 
was  of  a  very  similar  type  to  the 
first.  In  Jeantaud  carriages  having 
rear  driving  axles  the  accumulators 
(two  groups  of  twenty-two  cells  with 
fifteen  plates)  are  carried  in  the  front 
and  rear  boxes,  but  in  the  cab  they 
are  placed  in  a  box  on  the  fore-axle, 
thus  equilibrating  the  driver's  weight. 

The  motor  has  its  secondary  coil 
on  a  drum,  and  the  primary,  with 
two  poles,  has  a  double  winding,  one 
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series  and  the  other  shunt.  It  transmits  power,  by  toothed  wheel, 
to  an  intermediary  shaft  which  carries  the  differential  and  by  end- 
less chains  drives  the  rear  wheeL  The  table  below  and  the  one  on 
p.  703  give  the  different  work  of  the  coupler  {see  also  p.  337). 

CONTROLLER    FOR   JEANTAUD    CARS   WITH    STEERING 

MOTOR    FORE-CARRIAGE. 


Pojtitions  of 
Controller. 


Working. 


0 

1 
2 
3 
4 


Stoppage  I 

Slow  speed       | 
Average  speed 
Accelerated  speed 
Full  speed 


Batteries. 


Series  and 

insulated 

Parallel 

Series 


Field  MagiieU    '   Field  Mag- 


Series. 


nets  Shunt. 


Open 

In  circuit 
In  short  circaiti 

In  circuit 
In  short  circuit 


Open 
In  circuit 


Armature. 


In  short  circuit 
In  circuit 


Independently  of  the  coupler,  the  car  is  controlled  by  (1)  a 
horizontal  hand  steering  wheel,  acting  on  the  wheels  of  the  fore- 
steering  axle,  (2)  by  a  lever  for  the  rope  brake,  which  breaks  the 
circuit  and  acts  on  the  rear  wheels  in  both  directions,  (3)  by  a 
pedal  controlling  the  starting  rheostat,  and  exceptionally  (4)  by  a 
crank  working  a  tyre  brake. 

The  arrangement  of  the  vehicle  with  steering  motor  fore-carriage 
is  illustrated  by  Figs.  428  and  429,  p.  424,  the  mechanism  being 
explained  on  p.  425.  There  are  lifty  Bj^  elements  ;  motors  have 
double  winding  and  various  couplings  to  obtain  four  speeds  and 
stoppage,  as  explained  in  following  table.  Rear  motion  is  obtained 
at  all  speeds  by  a  special  reverser. 

Krieger  general  cars  are  more  complicated  than  the  Jeantaud 
cars. 

The  coupe,  the  vis-a-vis,  and  the  corridor  cab  diflfier  only  in  the 
body.  The  frame,  supported  by  wooden  wheels  and  made  of  wood 
and  steel  itself,  is  straight,  and  can,  by  aid  of  springs,  carry  any  kind 
of  body.  It  also  has  two  boxes,  one  in  front  and  the  other  in  the 
rear,  each  of  which  contains  a  battery,  inspected  and  changed  with 
great  facility.  The  table  at  the  top  of  p.  705  shows  the  connec- 
tions on  an  old  type  Krieger  car ;  for  the  new  system,  see  p.  337. 
Twenty-two  elements  Bj7,  always  coupled  in  series,  compose  each  of 
these  batteries,  and  feed  two  four-pole  motors,  having  four  excita- 
tion coiLs,  two  with  thick  wire  in  serie^.  and  two  with  thin  wire  in 
multiple  circuit,  the  drum  secondary  coil  performing  2,000  to  2,600 
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CONTROLLER  FOR   KRI^GER   CARS. 


Posttioiu  of  Controller. 

Two 
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revolutions  per  minute.  Each  is  mounted  on  a  pivot  of  the  fore- 
axle,  which  is  both  driving  and  steering,  and  communicates  motion, 
by  a  spiral  pinion,  to  a  toothed  wheel  moimted  on  a  corresponding 
wheel.  The  ratio  of  these  gearings  is  1  to  17  or  even  18,  probably 
the  greatest  ever  employed,  and  it  may  be  asked  whether  it  is  not 
a  cause  of  excessive  strain  and  rapid  wear  for  the  pinion.  There  are 
six  feeds,  as  stated  in  the  above  table.  The  driver  has  at  command, 
besides  the  coupler,  a  hand  steering  wheel  (replaced  in  later  cars  by  a 
steering  bar  with  vertical  handles),  a  plate  compressor  brake  on  the 
rear  wheels  and  controlled  by  a  pedal,  and  a  recuperator  button  also 
worked  by  the  foot.  Kri6ger*s  new  coupler  (p.  337)  is  of  reduced 
dimensions,  and  is  provided  with  two  new  positions ;  the  two  electric 
motors  are  horizontal  and  suspended. 

The  Milde  electric  car  is  known  in  a  variety  of  styles.  The  electric 
differential  type  motor,  described  on  p.  323,  is  enclosed  in  a.  case 
which  protects  it  from  dirt,  but  its  parts  are  easily  accessible  and  the 
entire  motor  can  be  taken  apart  very  quickly.  The  battery  of 
Heinz  accumulator  cells  employed  weighs  460  kg.  (1,014  lb.) ;  there 
are  42  elements  whose  output  is  116  ampere  hours  at  a  five  hours 
discharge  rate.  Without  battery,  a  Milde  landaulet  or  coup^  with 
two  places  weighs  about  850  kg.  (1,874  lb.).  Power  is  transmitted 
by  two  pinions  fixed  on  the  ends  of  the  two  armature  shafts,  these 
gearing  directly  with  toothed  bevelled  rings  secured  to  the  back 
wheels.  The  controller  is  arranged  in  the  longitudinal  axis  of  the 
car,  the  cylinder  carrying  the  coupling  contacts  being  easily  accessible ; 
it  is  operated  by  a  little  handle  which  falls  into  notches  corresponding 
with  the  different  combinations  giving  the  seven  or  nine  forward 
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speeds  varying  from  3  to  30  km.  (1-86  to  18-6  miles)  per  hour, 
the  two  or  three  reverse  speeds,  and  the  one  or  two  positions  in 
which  recuperation  is  obtained.  The  car  is  well  supplied  with 
brakes  ;  besides  the  recuperating  and  braking  effect  to  be  obtained 
on  long  descents  by  employing  the  motor  as  a  dynamo-generator, 
there  are  expanding  brakes  acting  either  forwards  or  backwards 
inside  the  toothed  bevelled  rings  on  the  rear  wheel  naves,  or, 
instead,  there  are  band  brakes  acting  on  their  circumferences.  The 
m«n   frame  is   of  channel   steel,   curved   or  straight,  and  is   both 


Fig.  74T. — Bakbr  KLkCT-Bic  ItrNABocT 

Wght  and  strong  ;  it  carries  the  whole  of  the  mechanism.  The 
expenditure  of  energy  in  propelling  the  ear  is  said  to  work  out 
at  55  watt  hours  per  ton-km.  (8S-7  watt  hours  per  ton-mile). 

The  Baker  electric  runabout,  Fig.  747,  has  a  frame  resembling  that 
of  many  American  steam  cars.  A  four-pole  compound- wound  motor 
is  mounted  centrally,  and  drives  by  double  reduction  on  to  an  open 
differential  on  the  rear  live  axle  ;  the  motor  drives  a  short  counter- 
shaft by  spur  gearing,  and  this  countershaft  carries  a  sprocket 
wheel  from  which  the  transmission  to  the  differential  is  by  a  single 
chain.  The  controller  is  mounted  imder  the  seat  on  the  right-hand 
side,  and  is  operated  by  a  side  lever.  Two  brakes  are  fitted,  one 
on  the  motor  shall  and  one  on  the  differential  ;  the  steering  is  of 
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the  tiller  type.  The  different  speeds  are  obtained  by  introducing 
resistances  into  the  field  windings.  The  battery  consists  of  twelve 
70  ampere-hour  Exide  cells  situated  under  the  seat.  The  connections 
between  the  cells  are  permanent,  all  being  in  series. 

The  Baker  runabout  steel  tubular  frame  (Figs.  748  and  749)  is 
strong  but  light,  and  it  supports  the  motors  and  batteries  indepen- 
dently of  the  car  body ;  both  frame  and  wheels  approximate  closely 
to  modem  bicycle  construction. 

A  Baker  electric  racing  car,  which  met  with  an  accident  in  the 
Staten  Island  speed  trials,  May  31st,  1902,  the  car  running  amok 
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Fig.  748. — Plan  of  Baker  Chassis, 


through  the  crowd,  killing  two  persons  and  badly  injuring  several 
others,  was  made  somewhat  on  the  lines  of  Jenatzy's  ''Jamais 
Contente  "  (p.  697).  It  had  an  angle  iron  framework,  nearly  straight 
between  the  wheels,  and  bending  off  at  an  angle  fore  and  aft  with  straight 
ends.  It  was  supported  in  front  on  transverse  leaf  springs,  and  at 
the  back  on  longitudinal  leaf  springs.  The  motor,  built  by  the  Elwell 
Parker  Company,  of  Cleveland,  normally  developed  7-h.p.,  but  had 
a  stated  output  of  12-h.p.,  and  was  mounted  between  the  rear 
axle  and  the  centre  of  the  car,  being  fitted  in  a  metal  frame.  A 
pair  of  1  in.  pitch  chains  transmitted  the  power  from  each  end  of 
the  armature  shaft  to  the  differential  gear  in  the  centre  of  the 
live  rear  axle.  The  two  large  sprockets  were  about  30*48  cm. 
(12  in.)  in  diameter,  and  had  internal  spring  drives  in  order  to 
cushion  any  shocks  and  avoid  breakage  of  the  chains.    Two  band 
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brakes  were  fitted  just  inside  of  tlie  sprockets,  these  being  simul- 
taneouslj  operated  through  wire  cables  passing  to  the  brake  lever. 
The  differential  gear  was  enclosed,  and  the  whole  live  rear  axle 
carried  in  a  substantial  casting.  The  accumulators,  forty  Gould 
cells  litted  in  ebonite  boxes,  were  distributed  over  the  machine, 
eleven  behind  the  rear  axle,  four  between  it  and  the  motor,  fifteen 
between  the  motor  and  the  driver's  seat,  and  the  remaining  ten  in 
front.  The  peculiar  steering  gear  is  represented  by  Fig.  750.  The 
inclined  pillar  A  was  operated  by  a  25'4  cm,  (10  in.)  wheel,  B,  and 
its  lower  end  was  connected  by  -47  cm.  (-187  in.)  steel  wire  cables, 
C,  round  a  762  cm,  (3  in.)  steel  drum,  D.       Coiled  springs  are 


Fig.  749.— End  View  or  Baker 


shown  at  E,  There  were  seats  for  two  drivers,  and  the  entire 
machine  was  enclosed  in  a  shell,  covered  with  black  cloth.  The 
floor,  above  the  level  of  which  all  batteries  and  machinery  were 
fixed,  was  little  more  than  15'24  cm.  (6  in.)  from  the  ground,  and 
the  wire  spoke  wheels  had  wooden  rims,  were  about  914  cm. 
(3  ft,)  in  diameter,  and  were  covered  with  oilskin.  Palmer  tjies 
were  fitted,  and  the  wheel  base  was  about  1'83  m.  (6  ft).  The 
total  weight  of  the  machine  was  about  1,360  kg.  (3,000  lb.),  and 
its  overall  length  about  548  ra.  (18  ft).  The  drivers'  seats  were 
arranged  so  that  a  strap  passed  over  their  knees  keeping  them 
down  ;  and  mica  windows  were  fitted  to  act  as  shields  for  their  eye& 
Waverley  electric  cars,  introduced  this  year  into  England,  are 
made  in  many  designs,  two  representative  ones  being  shown  by 
Figs,  751  and  752,     Their  distinguishing  features  are  :   the  type  of 


ELECTRIC    AUTOMOBILE    CARRIAGES.  709 

motor  (described  in  detail  on  pp.  328  to  330),  the  method  of 
suspension,  the  constmction  of  the  rear  live  axle  driven  through 
helical  gearing  by  the  motor,  and  the  controlling  switches  which 
r^;ulate  speed,  direction,  and  the  cletrtrical  brake.  Steering  is  by 
tiller,  in  whose  handle  is  a  push-button  which,  when  pressed, 
sounds  an  electric  gong  under  the  car.  There  is  a  speed  regulation 
lever  beside  the  driver,  and   it  has  three  positions  forward  of  the 


neutral  notch,  whilst  when  forced  backward  gainst  the  action 
of  a  spring  it  produces  the  electric  braking  effect.  A  reversing 
lever  projects  forward  beneath  the  drivers  seat  (a  safety  plug  and 
socket  are  fixed  beneath  the.  lever),  a  pedal  applies  the  side  brakes 
for  ordinary  use,  and  a  second  pedal  an  emergency  band  brake 
on  the  motor  shaft.  On  the  footboard,  and  lighted  electrically 
at  night,  is  a  combined  ammeter  and  voltmeter.  The  main 
controller  drum  under  the  driver's  seat  is  connected  with  the  hand 
lever  through  a  toothed  quadrant  and  pinion  ;  as  the  drum  rotates 
it    is    held    in  any  of   its  working   positions    by  a  spring    catch 
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engaging  with  a  cam  plate  fixed  to  the  drum.  Wires  connect 
the  controller  with  the  batteries,  themselves  connected  in  series 
and  with  the  motor.  A  single-motor  car  has  a  battery  of  twentj- 
four  Exide  cells,  each  containing  nine  plates,  the  approximate  capacity 
being  110  ampere  hours  at  a  discbarge  rate  of  30  amperes  per 
hour  (a  larger  car  has  forty  cells  and  two  motors,  all  identical 
with    those  in    the    smaller    car).       The  battery  is    contained  in 


Fig.  752— Waverlbv  Electbic  Cab. 

three   separate    cases,   in   which    are  holes  for  the  attachment   of 
temporary  handles. 

The  main  frame  of  the  Waverley  car  is  of  wood,  stiffened 
with  channel  steel  cross  members,  and  supported  upon  full  elliptic 
side  springs  above  both  of  the  axles  ;  a  transverse  leaf  spring; 
carried  in  a  cross  channel  connects  the  forward  ends  of  the  rear 
springs  together  through  shackles.  The  transverse  spring  is  an 
important  detail  ;  it  is  fixed  at  its  centre  and  allows  the  back 
axle  to  rock  over  a  certain  distance  in  the  one  direction  or  the 
other,  according  to  the  drive  of  the  motor,  this  action  being  very 
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apparent  when  starting  the  car  in  either  direction.  The  rear  live 
axle  may  be  regarded  as'  being  formed  of  three  substantial  tubes, 
converging  from  its  ends  and  connected  together  by  the  case  of 
the  bevel  wheel  differential  gear  ;  it  runs  on  ball  bearings  and 
in  an  oil  bath.  The  front  wheels  are  mounted  in  ball  bearings 
on  the  tubular  axle  though  the  steering  heads  turn  in  pl^ 
bearings,  a  ball  thrust  bearing  taking  the  weight  of  the  car  upon 
them.  The  motor,  already  illustrated  and  described  in  detail,  is 
bolted  by  a  flanged  coupling  to  the  casing  surrounding  the  differential 
gear.    A  driving  pinion  on  the  motor  shaft  meshes  with  the  gear 
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Fig.  763.    Wavbrlet  Contkollee.  Cunnectionb. 

wheel  on  the  differential  shell  and  is  completely  enclosed,  but  the 
luocor  shaft  projects  so  as  to  carry  a  brake  drum. 

Charging  plugs  on  each  side  of  the  ear  enable  the  ceils  to  be 
rechai^ed  without  removal 

With  regard  to  the  functions  of  the  Waverley  controller,  Fig.  753 
shows,  in  the  order  here  given,  the  electrical  connections  for  obtaining 
the  first,  second,  and  third  speeds  and  for  applying  the  electric 
brake,  whilst  the  complete  electrical  connections  on  the  car  are 
shown  by  Fig.  754.  The  motors  are  shunt-wound,  and  the  controller 
is  amused  so  that  when  the  hand  lever  is  put  in  its  first  driving 
position  the  current  passes  through  a  resistance.  A,  to  the  armature 
B,  and  through  the  two  sets  of  field  magnet  windings  in  parallel 
(C  shows  the  field  coils).  When  the  lever  is  moved  to  its  next 
notch  forward,  the  same  connections  are  retained,  but  the  resistance 
in  the  armature  circuit  is  cut  out,  thus  making  the  motor  an 
ordinary  direct-connected  shunt  machine  with  a  very  strong  field. 
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In  its  third  position,  the  controller  places  all  the  field  magnet 
windings  in  series  with  one  another,  and  these  are  connected  up 
across  the  battery  terminals  in  parallel  with  the  armature.  In  this 
case,  therefore,  a  direct-connected  shunt-wound  motor  is  in  use, 
and  the  weakened  field  gives  the  necessary  increase  of  speed. 
When  the  hand  lever  is  pushed  backward  from  its  neutral  position, 
in  which  it  only  established  the  necessary  conuecttou  for  recharg^g 
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through  the  ammeter,  a  braking  effect  is  produced  by  employing 
the  motor  as  a  dynamo,  and  connecting  its  terminals  across  the 
resistance  coils  A.  AU  the  various  connections  made  by  the 
controller  are  shown  diagrammatically  in  Fig.  753.  The  reversing 
switch  makes  connections  just  the  same  as  in  ordinary  electric 
practice.  In  the  next  illustration.  Fig.  754,  D  is  the  plug  switch, 
E  the  ammeter  shunt,  F  the  switch,  G  the  floor  push,  H  the  battery 
terminals,  J  the  steering  handle  containing  the  push  button,  K 
the  charging  switches,  L  the  combined  ammeter  and  voltmeter, 
M  the  footboard  meter  lamp,  N  the  side  lamps,  imd  O  a  belL 
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In  Fig.  753,  A  is  the  resistance,  H  the  battery,  C  the  field  magnet 
windings,  P  the  brushes,  and  B  the  armature. 

Waverley  cars  with  two  motors  have  a  battery  of  forty  cells 
connected  i^i  seriea  The  controller  places  the  two  motors  in  series 
with  one  another,  and  speed  changing  is  much  the  same  as  in 
the  smaller  car.  There  is  no  band  brake  on  the  motor  shaft,  the 
side  brakes  being  found  ample  in  conjunction  with  the  electrical 
braking  effect 

The  car  of  the  CJompagnie  Fran9aise  des  Voitures  Automobiles 
(Fig.  766),  with  a  body  suspended  on  four  springs,  itself  supported,  as 
usual,  by  springs,  has  forty-four  Faure-King  accumulators,  which  are 
connected  in  series,  and  actuate  a  Lundell  motor  with  two  brushes ; 
this,  without  interposition  of  any  resistance  during  working, 
enables  speeds  of  4  km.  to  18  km.  (2*48  miles  to  111  miles)  per  hour 
to  be  obtained.  Transmission  to  the  differential  shaft  is  by  toothed 
gear  with  leather  pinion,  and  wheels  and  Renolds  chain. 

CONTROLLER  OF  THE   COMPAGNIE  FRANQAISE  DES  VOITURES 

ELECTROMOBILES. 
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The  above  table  shows  the  working  of  the  controller  ;  by  pushing  the 
handle  more  or  less  forward  a  gradual  speed  is  obtained ;  by  bringing 
it  backwards  the  brake  is  locked,  the  car  stopped  and  reversed. 
Steering  is  obtained  by  a  fore-carriage  with  a  single  pivot  moving 
by  aid  of  a  toothed  wheel,  upon  which  a  pinion  acts,  this  pinion 
is  fixed  on  a  vertical  shaft  (placed  in  the  column  to  be  seen  on 
the  seat,  see  Fig.  755),  itself  actuated  by  a  vertical  hand  steering 
wheel.  The  somewhat  considerable  power  needed  to  turn  the  fore- 
carriage  thus  is  easily  obtained,  but  less  quickly  than  with  the 
ordinary  system.    The  driver's  seat  and  interchangeable  body  are 
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fixed  on  the  steel  underfraine,  which  may  cany  a  coup6,  victoria,  or 
delivery  car  body  if  wished.  The  motor  mechanism  rests  on  a  small 
hinged  frame,  supported  by  a  steel  axle  and  spiral  springs.  In 
addition  to  the  electric  brake,,  the  car  has  a  band  brake  and  a 
shoe  brake.  Cars  required  to  run  only  50  km.  or  60  km.  (31  miles 
or  372  miles)  without  recharging  have  Plante  type  lotteries,  the 
cost  of  charging  which  the  company  estimates  at  9Jd.  To  run 
70  km,  or  80  kin.  (434  miles  to  497  miles)  batteries  with  inserted 
oxides  are  employed,  the  cost  for  maintaining  which  is  from  2s.  4id. 
to  3s.  2d.  per  nm.  The  energy  to  chaise  the  battery  per  km. 
is  estimated  by  the  constructors  at  300  watt  hours ;  that  is,  28  ampere 
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hours  at  110  volts  (484  watt  hours  per  mile).  Including  lubrication, 
maintenance  of  accumulators,  and  carriage  work,  traction  costs  from 
■95d.  to  17d.  per  km.  (15d.  to  2-7d.  per  mUe),  according  to  tlie  type 
of  battery  employed  and  cost  of  current.  The  car  mentioned  above 
is  constructed  on  the  Bersey  system,  as  are  also  some  cars  made  by 
the  Comp^nie  G^n^rale  des  Voitures  of  Paris.  One  car  made  by 
this  firm,  and  exhibited  in  1898,  had  a  tubular  frame,  a  steering 
lever,  and  divided  axle  and  motor  acting  on  the  rear  wheels  by 
toothed  gear ;  the  accumulators  were  carried  in  two  boxes,  front  and 
rear.  Another  car  exhibited  resembled  this,  but  had  a  bar  operating 
steering  and  controller,  the  former  by  moving  around  a  vertical  axis 
and  the  latter  by  displacements  around  a  horizontal  axis.  Thus  the 
driver  had  only  a  lever  and  a  pedal  to  work. 

The  Bouquet,  Garcin  and  Schivre  car  is  shown  by  Fig.  756.     The 
pastille  accumulators  have  inserted  oxides,  and  are  claimed  by  the 
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makers  to  have  a  capacity  of  from  22  to  25  ampere-hours  per  kg. 
(2*2  lb.)  of  plates  at  rates  of  discharge  of  3  to  4  amperes.  Thus  these 
cars  can  run,  without  recharging,  130  km.  (80  miles)  on  level  roads 
and  25  km.  (15'5  miles)  on  a  rough  road,  the  weight  of  the  car 
being  1  ton;  the  accumulators  represent  one-third  of  this  weight, 
and  they  are  carried  in  two  ebonite  boxes  under  the  seats;  the 
coupling  of  the  elements  remains  invariable.  The  motor  has  two 
brushes  and  two  armatures  wound  on  the  same  toothed  core, 
Paccinotti  system,  in  which  the  numbers  of  unequal  windings  are 
in  the  ratio  of  5  to  3.  The  normal  power  is  4  to  5  h.p.  for  the 
very  slight  weight  of  40  kg.  (88  lb.),  and  it  performs  1,500  revolutions 
for  a  speed  of  20  km.  (124  miles)  per  hour,  and  its  electric  efficiency 
is  0*93,  the  working  efficiency  being  0*87 ;  thus  the  total  efficiency, 
transmission  included,  is  0*80.  The  controller  suitably  inserts,  accord- 
ing to  the  speed  to  be  obtained,  the  unequal  windings  and  the 
resistances.  For  starting,  the  two  armatures  are  coupled  in  series 
with  series  excitation  and  starting  resistances  all  shunted  on  the 
battery;  thus  the  motor  starts  with  the  maximum  electro-motive 
force  and  maximum  resistance.  In  its  successive  positions  the 
controller  first  gradually  suppresses  the  resistance  and  then  inserts 
the  winding  five  only,  then  three  only ;  finally  for  full  speed 
windmgs  five  and  three  in  opposition.  Experience  only  can  show 
whether  this  system  is  preferable  to  the  employment  of  two  equal 
secondary  wires  coupled  in  series  or  in  shunt.  The  controller  consists 
of  two  cylinders,  the  larger  one  being  keyed  on  the  axle  of  the 
apparatus  and  giving  the  forward  speeds,  and  the  smaller  one  being 
loose  around  the  same  axle  and  giving  reverse  motion  at  any  speed. 
The  chief  feature  of  the  H.  Monnard  car  is  a  motor  with  a  single 
inductor  and  two  armatures,  forming  one  with  the  two  parts  of  the 
axle,  so  as  to  make  the  differential  unnecessary ;  the  armature  runs  at 
a  slight  angular  speed,  namely,  600  revolutions  or  even  less,  to 
decrease  losses  by  transmission*  Figs.  757  to  759  represent  the 
motor  and  axle.  The  field  magnet  has  no  yoke-piece,  the  windings 
c  and  d  being  made  around  the  pole-pieces  e  and  f.  Owing  to  this 
arrangement  the  magnetic  circuit  is  closed  simultaneously  by  the  two 
armatures,  which  are  traversed  by  the  same  magnetic  flux-  Were 
there  a  yoke,  each  armature  would  receive  only  half  the  flux,  and 
with  the  same  number  of  ampere  turns,  difference  of  potential  being 
the  same,  there  would  be  an  angular  speed  twice  as  great.    V  and 
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V  are  collectors  placed  inside ;  the  carbon  brushes  are  pressed  against 
them  by  aprit^  r,  r\  r",  r'".  The  secondary  wires,  mounted  on 
rollers,  are  loose  on  their  shafts,  and  drive  by  two  pairs  of  gear  wheels 
the  joxirnals  upon  which  the  wheels  are  keyed.  If  the  resistinjf  power 
increases  on  the  wheel  rim,  the  corresponding  secondary  wire  de- 
creases its  working  and  its  counter-electro-motive  force  fella  The 
diflfereace  of  potential  augmenting  at  the  tenninals  of  the  other 
secondary  wire,  the  speed  also  increases ;  thus  a  differential  gear  is 
not  required.  The  primary  wire  has  a  separate  excitation,  and  four 
elements  are  specially  devoted  to  it.     Changes  of  speed  are  obtained 


Fig.  768.— Boiatw,  GABcni  and  Slhivmb  BLiCTftic  Cak. 

by  vaiied  couplings  of  the  tour  groups  of  accumulators  and  armatures 
and  the  two  groups  of  accumulators  and  field  magnets,  so  as  to  have 
six  diSerent  speeds.  The  separate  excitation  enables  working  of  the 
brake  by  recuperation  at  slow  speeds  ;  but  if  the  accumulators  coupled 
to  the  field  magnets  are  exhausted  before  those  coupled  to  the 
armatures,  efficiency  becomes  low.  The  Vulcain  accumulators,  with 
Plants  positives  and  negatives,  weigh  396  kg.  (871*2  lb.),  one-half  the 
weight  of  the  car  ready  for  the  road.  The  consumption  is  48  watt 
hours  per  kilometre-ton,  and  the  maker  asserts  that  the  car  can  run 
ISO  km  (93  miles)  without  new  supplies.  It  has  a  brake  of  a  rather 
peculiar  type,  which  can  be  seen  at  F  F',  Fig.  757  ;  it  consists  of  a 
series  of  small  shoes,  S  S',  of  lignum  vitie,  threaded  on  a  steel  wire 
rope  and  separated  from  each  other  by  copper  tubes  of  about  the 
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same  length  as  the  shoes.    The  two  end  shoes  are  united  by  a  spring, 
which  usually  keeps  the  brake  unlocked,  but  as  soon  as  a  pedal  and 


lever  apply  the  first  shoe  to  the  groove  fixed  to  the  nave  the  other 
Bhoes  are  entrained  and  cause  locking.     It  has  been  mentioned  that 
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the  secondary  wires  are  mounted  on  rollers  ;  this  is  to  avoid  the  wedging 
which  occurs  with  ball  bearings  where  the  balls  only  touch  each  other 
at  a  point.  The  tempered  steel  rollers  employed  are  140  mm.  (5*5  in.) 
long  by  8  mm.  ('315  in.)  in  diameter ;  around  them  are  smaller  rollers 


Fig.  760. 


Fig.  761. 


FigB.  760  and  761.— Elevation 
AND  Plan  of  Vbdovelli- 
pRiESTLBY  Electric  Cab. 


of  hard  steel,  3*5  mm.  (137  in.)  in  diameter,  which  are  slightly  bigger 
at  their  ends,  which  are  displaced  in  a  ring  whose  circumference  is 
equal  to  their  development;  thus  all  gliding  is  prevented.  The  rollers 
are  enclosed  in  oil-filled  steel  jackets  made  tight  by  leather  Monnard 
estimates  the  coefficient  of  traction  is  thus  reduced  from  0'02  to  0O093. 
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The  Vedovelli-Priestley  cab  is  an  original  car  characterised  by  its 
apron  (by  aid  of  which  it  can  be  changed  from  a  cab  with  two 
places  to  a  vis-k-vis  with  four),  its  tricycle  mounting,  the  driving 
of  the  steering  driving  wheels  by  two  independent  motors,  a 
differential  steering  appliance  which  makes  it  pivot  on  the  spot 
and  by  the  optional  addition  of  a  small  electrogenic  apparatus  which 
makes  it  possible  to  recharge  the  accumulators  during  a  journey  and 
stoppage  (see  Figs.  760  and  761).    The  fore-wheel,  simply  a  bearing 


nni  mr-r% 


1  rft 


Fig,  764. 


J  Fig.  768. 


Figs.  762  to  764. — Vbdovelli-Pribstley  Controller. 

wheel  for  a  small  part  of  the  total  weight,  resembles  a  furniture 
castor,  it  being  movable  around  a  vertical  axle  placed  a  little  in  front 
of  its  horizontal  axis ;  it  automatically  takes  the  direction  of  the 
tangent  to  the  trajectory  of  the  car.  As,  moreover,  the  centre  of 
gravity  of  the  latter  is  under  the  axle,  this  tricycle  mounting  is  not 
defective  from  the  point  of  view  of  adherence  in  the  steering  wheel. 
Each  motor,  the  position  of  which  is  shown  by  Fig.  761,  has  its 
motion  transmitted  to  the  side  wheel  by  belts  and  toothed  gear.  The 
differential  speeds  are  obtained  by  coupling  the  motor  in  series  or 
parallel  with  other  resistances.  The  controller,  instead  of  being 
cylindrical  as  usual,  is  flat;  Figs.  762  to  764  show  its  shape.  The 
steering  differential  gear  is  on  the  shaft  of  the  largo. belt  pulleys 
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(see  Fig.  765).  Supposing  in  that  figure,  for  sake  of  simplicity,  that 
the  two  parts  of  the  &haft  directly  carry  the  driving  wheels.  The  pinion 
C,  controlled  by  the  hand  steering  wheel,  gears  with  the  toothed 
wheels  B,  having  the  same  axis  of  rotation  D  as  the  pinions  2 ;  these 
last  gear  with  pinions  1  (carried  by  horizontal  axles  forming  one 
with  wheels  B),  which  themselves  are  in  gear  with  the  inner  teeth  A, 
interdependent  with  the  toothed  wheels.  When  the  hand  steering 
wheel  is  motionless,  and  the  wheels  are  driven  by  the  motor,  it  is 
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Priestlbt  Diffsabk- 

TIAL   StXKRINO   GbAR. 


J 


f 

obvious  that  they  must  turn  at  the  same  speed.  In  fact,  motion  of 
the  left  wheel  is  transmitted  by  its  pinion  2  to  the  corresponding 
pinion  on  the  right,  because  the  two  pinions  are  keyed  on  the  same 
axis,  and  pinion  2  by  pinion  1  to  the  other  wheel.  Suppose  that  the 
hand-steering  wheel  turns  first  in  the  absence  of  any  action  of  the 
motors  on  the  wheels  of  the  car.  Wheels  B  turn  in  the  opposite 
direction  to  each  other,  and  entrain  the  pinions  1  in  the  opposite 
direction  around  axis  D ;  the  pinions  2,  fixed  together  so  as  to  form 
one,  and  drawn  by  equal  and  contrary  forces,  remain  motionless. 
Then  the  pinions  1  roll  on  the  pinions  2,  but  in  the  opposite  direction 
to  each  other,  and  transmit  inverse  motions  to  the  two  driving 
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wheels,  so  that  the  car  pivots  on  the  spot.  Finally,  suppose  that  the 
hand  steering  wheel  turns  while  the  motors  are  driving  the  wheels. 
The  motion  imparted  to  the  latter  by  the  motors  is  composed  with 
that  produced  by  rotation  of  the  fly-wheel;  the  pace  of  one  is 
accelerated,  whilst  that  of  the  other  is  retarded ;  then  the  car  turns 
to  the  side  of  the  latter.  At  the  moment  when  the  hand  steering 
wheel  stops,  the  car  starts  off  in  a  straight  line  without  the  driver 
having  to  turn  the  wheel  in  the  opposite  direction  to  that  which 
produced  turning  of  the  car.  Two  brakes,  acting  on  the  differential 
shaft,  are  controlled  by  the  same  lever  as  the  controller,  so  that  the 
brakes  cannot  lock  when  the  motors  are  in  circuit.  -This  arrange- 
ment makes  starting  at  full  speed  impossible  after  working  the  brake. 
A  second  foot  brake  switches  off  the  current,  which  can  only  be 
switched  back  by  bringing  the  controller  to  the  position  of  stop- 
page. Retrograde  motion  is  obtained  by  reversing  the  current, 
but  this  operation  cannot  be  performed  unless  the  controller  is  in  the 
position  of  the  stoppage.  Thus  every  precaution  is  taken  to  prevent 
any  working  injuries  to  the  accumulators,  which  run  the  car  from 
70  km.  to  80  km.  (43*5  miles  to  497  miles)  on  one  charge.  A  much 
longer  distance  can  be  travelled — even  a  trip  of  several  days  can  be 
made — by  carrying  a  portable  electro  generating  apparatus  for  charg- 
ing on  the  car,  a  petrol  motor  being  coupled  to  a  generating  dynamo. 
The  Morris  and  Salom  electric  car  can  be  defined  as  follows: 
The  front  axle  is  a  driving  axle,  the  two  electric  motors  gear 
directly  with  the  wheels ;  the  accumulators  usually  are  placed  under 
the  driver*8  seat ;  the  rear  wheels  are  steering  wheels,  and  enable 
turning  with  small  radius.  The  two  axles  carry  a  main  frame 
which  itself  supports,  at  the  back  of  the  driver's  seat,  any  kind  of  a 
body  that  is  desired.  The  old  electrobat  No.  2,  which  won  the  1895 
Chicago  race,  was  driven  by  two  Lundell  motors  of  1,100  watts 
each,  fed  by  48  accumulator  cells  of  the  Electric  Storage  Battery  Co., 
weighing  about  285  kg.  (627  lb.);  the  battery  yields  4  kilowatt- 
hours.  The  maximum  speed  on  a  good  level  road  (with  wooden 
wheels  and  pneumatic  tyres)  was  32  km.  (19*8  miles)  per  hour;  the 
average  journey  was  45  km.  (27*8  miles)  without  recharging.  The 
Morris  and  Salom  patents  are  now  worked  by  the  Electric  Vehicle 
Co.,  which  succeeded  the  Electric  Carriage  and  Wagon  Co.,  and  now 
owns  the  New  York  electric  cabs,  hansoms  and  coupes.  Each  of  its 
cars  has  48  chloride  elements,  weighing,  with  their  box,  650  kg. 
u  u 
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(1,430  lb.).  The  four-pole  motors  perform  700  revolutions  per 
minute,  and  develop  a  power  of  2  h.p.,  sufficient,  it  appears,  to  give 
the  car  a  speed  of  19-3  km.  (11*99  miles)  on  a  good  level  road.  The 
controller  gives  three  speeds,  either  backwards  or  forwards,  by  variable 
coupling  of  the  two  groups  of  elements  of  the  battery.  This  last  can 
be  charged  without  removing  it  from  the  car,  but  at  the  charging 
station  recently  built  an  exhausted  battery  is  replaced  by  another. 

The  Sturgess  Electric  Motocycle  Co.  of  Chicago  ran  a  car  in  the 
Times  Herald  match,  driven  by  a  Lundell  motor,  fed  by  a  battery  of 
36  elements,  yielding  regularly  30  amperes.  The  rear  wheels  were 
driving,  and  the  front  ones  steering.  The  car,  with  its  wooden  wheels 
and  indiarubber  tjrres,  weighed  1,600  kg.  (3,520  lb.)  ready  for  the  road. 

A  Riker  car  won  the  first  prize  in  the  track  race  of  Provi- 
dence, Rhode  Island,  September  7  th,  1896.    It  had  the  form  of  a  dog- 
cart with  four  seats,  each  of  the  rear  wheels  being  driven  by  a  2,200 
kilowatt  motor  fed  with  current  by  32  chloride  of  lead  elements ; 
the  normal  capacity  was  100  ampere-hours,  and  it  weighed  365  kg. 
(803  lb.) — that  is,  about  half  the  weight  of  the  car.     In  a  more  recent 
type,  Riker  employs  zinc  lead  accumulators,  each  element  of  which 
comprises  six  positive  lead  plates  and  seven  negative  copper  plates 
electrolytically  coated  with  zinc ;    36  of  these  elements  have  an 
KM.F.  of  83*8  volts,  and  weigh  345  kg.  (759  lb.)  with  their  ebonite 
boxes,  for  a  car  of  825  kg.  (1,815  lb.),  which  they  could  run  for  68 
km.  to  80  km.  (4225  miles  to  49*7  miles)  at  a  speed  of  19-3  km, 
(11*99  miles)  per  hour.     For  a  discharge  in  ten  hours  their  specific 
energy  was  estimated  at  36*4  watt-hours;  for  the  discharge  in  four 
hoiirs  it  was  only  29*15   watt-hours.      This  experiment  with  zinc 
accumulator  cells  did  not  give  very  encouraging  results.    In  the  case 
of  light  cars,  Riker  seems  to  have  abandoned  two  motors,  which,  with 
equal  power,  cost  more,  weighed  more,  and  had  an  efficiency  less  than 
a  single  motor.     This  single  motor,   which   was  exhibited  by  the 
Soci^te  Automobile  at  the  Tuileries  Exhibition  in  1899,  is  hinged  by 
two  collars  on  the  tubular  jacket  of  the  axle,  and  suspended  to  the 
body  by  a  rod  with  two  springs  like  a  tramway  motor.    These  springs 
form  an  elastic  buffer  against  the  reaction  of  the  motor,  to  make 
starting  smooth  {see  Fig.  766).     The  armature  shaft  drives,  by  aid  of 
a  pinion,  a  toothed  wheel,  mounted  on  the  shaft,  and  also  the  pulley 
of  a  plate  compressor,  locking  both  rear  and  front,  worked  by  a 
pedal.    Brake  and  toothed  gear  are  enclosed  in  a  case  placed  on  the 


ELECTBIG  AUTOMOBILE  CABBIAGES,  723 

centre  of  the  rear  axle.     The  latter  is  not  divided,  and  its  centre, 
which  is  reinforced,  is  protected  by  the  tubular  gear  case  surrounding 
it.     The  differential  gear  is  placed  on  the  nave  of  a  wheel.     The 
accumulators  feeding  this  motor  may  be  of  any  type.     In  France, 
Fulmen  elements  are  employed,  weighing  450  kg.  (990  lb.),  for  a 
car  of  about  900   kg.   (1,980  lb.).     The   two-pole  motor  has   two 
drum-wound  armatures;  it  is  completely  encased,  but  collector  and 
brushes  can  easily  be  inspected  by  means  of  doors.     Grouping  of 
the  accumulators  and  the  primary  coils  give  four  speeds,  6  km.,  12 
km.,  18  km.,  and  25  km.  (37,  7*4,  9*9,  and  15*5   miles)  per  hour. 
Backward  motion  is  obtained  in  the  first  two  speeds  by  reversing  the 
current  in  the  motor.    When  the  mechanical  brake  is  worked,  a  cut- 
oif  automatically  breaks  the  current,  and  only  allows  it  to  be  switched 
on  again  when  the  lever  of  the  controller  has  been  brought  previously 
to  zero  ;  then  the  motor  cannot  be  started  at  full  speed.    The  frame, 
made  of  hammered  steel  tubes,  has  its  small  sides  formed  by  the 
fore  axle  and  tube  surrounding  the  rear  axle ;  one  of  the  large  sides 
is  hinged  around  the  fore  axle,  and  the  two  can  turn  around  that  in 
the  rear.    Great  pliancy  results,  the  two  always  being  applied  to  the 
ground,  whilst  the  axles  remain  constantly  in  vertical  parallel  planes. 
The  wheels  have  ball  bearings  with  tangent  spokes,  and  Hartford 
single   tube  pneumatic   tyres.     The  front  steering  wheels  pivot  in 
place.     For  this  purpose  the  axis  of  rotation,  instead  of  being  outside 
the  wheel,  is  inside,  and  meets  the  ground  at  the  point  where  the 
latter  is  in  contact  with  it ;  the  pivot  is  mounted  on  points  inside  a 
drum,  around  which  the  nave  turns  on  ball  bearings  (see  Fig.  767). 
Columbia  cars  are  built  by  the  Electric   Vehicle  Company,  of 
Hartford,  Connecticut,  which  employs  the  cycle  style  of  structure ; 
the  wheels  have  steel  points,  tangent  spokes,  and  have  a  diameter  of 
90  cm.  (35*4  in.)  at  the  rear,  and  80  cm.  (31*4  in.)  in  the  front,  with 
pneumatic  tyres  of  75  mm.  (295  in.)  ;  there  are  ball  bearings  for  the 
car,  motor,  transmission  gear,  and  steering  gear ;  steering  is  accom- 
plished  by  a  non-reversible  lever;   the  tubular  frame  is  of  nickel 
steel,  and  the  tubes  are  large  enough  for  them  to  be  annealed.     Those 
on  the  sides  and  in  front  of  the  car  are  doubly  rigid,  and  are  brazed 
at  various  points ;  the  lower  front  tul)o  supports  a  horizontal  pivot 
around  which  the  steering  axle  can  move  freely  in  a  vertical  plane. 
The  rear  of  the  frame  is  formed  by  a  single  tube,  which  acts  as  a 
bridge  to  carry  the  motor  and  axle.     The  accumulators  are  perhaps 
uu  2 
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the  parts  on  which  least  study  has  been  expended.  The  positive 
plates  are  of  the  Plante  formation,  whilst  the  negatives  have  inserted 
oxides.  Their  capacity  is  70  ampere-hours,  with  average  rate  of 
discharge  of  25  amperes,  and  weight  160  kg.  (352  lb.),  assuming  a  run 
of  about  50  km.  (31  miles)  on  a  good  road.  The  efficiency  is 
ordinary,  but  the  constructors  maintain  that  duration  is  a  compensa- 
tion. It  is  believed,  however,  that  -these  accumulators  have  been 
abandoned.  The  Edie  system  four-pole  motor  is  employed  with 
forged  iron  carcase ;  the  Gramme  armature  weighs  57  kg.  (125*4  lb.), 
and  gives  100  revolutions  per  minute,  the  current  being  at  75  volts  ; 


Fig.  766. — RiKBK  Electric  Oak  Chassis. 
Fig.  767. — ^Whbel  Nave  of  Riker  Car. 


the  power  is  a  little  less  than  2  h.p.,  but  this  can  be  doubled  for 
half  an  hour  without  danger.  Its  efficiency  is  estimated  at  80  per 
cent,  that  of  the  transmission  90  per  cent.,  and  the  final  efficiency 
72  per  cent.  The  speeds,  5  km.  to  10  km.  (31  miles  to  6*2  miles) 
are  obtained  by  varied  coupling  of  the  accumulators  and  the  field 
magnets  of  the  motors.  All  the  movable  connections  have  holes  of 
certain  diameter  for  the  positive  and  another  for  the  negatives,  to 
avoid  all  possible  error.  An  electric  lamp  fixed  at  the  end  of  a  long 
flexible  cord  enables  the  parts  of  the  car  to  be  inspected  conveniently 
at  night.  These  and  other  details  give  a  happy  finish  to  a  very 
careful  general  structure,  which  represents  everything  that  is  best  in 
American  automobile  practice.  There  are  three  types  of  Columbia 
cars,   which   differ  in   the  motor  and    transmission    wheels.      The 
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phaeton  with  two  places  (Figs.  768  and  769)  had  a  single  motor  of 
less  than  2  h.p.,  mounted  on  a  hollow  shaft  concentric  with  the 
rear  axle,  which  it  controls  by  two  pairs  of  reducing  gear  wheels,  the 
last  wheel  of  which  is  simply  the  diB'erential  toothed  wheel  All 
this  forms  a  very  compact  ensemble,  which  does  not  deprive  the  car 
of  its  elegant  carriage  aspect.  The  motor  power  may  be  regarded  as 
low  for  a  car  which,  with  two  passengers,  does  not  weigh  less  than 
1  ton.  The  motor  is  fed  by  four  batteries,  and  three  speeds  are 
given  by  coupling  these  batteries  in  various  ways,  the  field  magnets 


Fijf.  7S8.— CoLUKBiA  Elspteic  Cab. 

remaining  in  series  at  a  speed  of  ld'6  km.  (121  miles)  per  hour 
Consumption  is  73  watt-hours  per  kilometre-ton  (122  watt-hours  per 
mile  ton).  The  body  is  suspended  by  three  half-nipper  springs 
placed  transversely.  The  car  has  four  places  facing  the  front,  and 
two  motors,  each  controlling  by  a  pinion  a  toothed  crown  enclosed  in 
a  case  and  mounted  on  the  driving  wheel.  When  the  two  motors 
are  connected  in  series  they  give  the  same  power,  and  as  long  as  the 
two  wheels  turn  at  the  same  speed  they  nm  at  the  same  voltage. 
In  a  curve  the  inner  wheel  decreases  its  speed,  and  the  corresponding 
voltage  of  the  motor  diminishes,  the  difl'erence  being  transferred  to 
the  other  motor,  the  required  increase  of  speed  resulting  for  the 
outer  wheel.    This  arrangement  does  not  seem  to  hnvo  given  all  that 
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was  expected.  Consequently  the  car  with  four  places  back  to  back 
has  one  motor  placed  like  that  of  the  phaeton  with  two  places. 
This  car,  weighii^  1,300  kg.  (2,860  lb.)  with  its  four  passengers, 
consumes  35  amperes  on  level  ground.  The  accumulators  are 
divided  into  six  groups  of  seven  elements ;  there  are  four  forward 
speeds  and  three  back.  The  Columbia  cars  have  a  rather  peculiar 
crown  brake,  as  shown  by  Fig.  770,  in  which  the  wheel  is  shown 
removed  to  the  right.    A  bronze  crown  iixed  to  the  underframe 


Fig.  769.— Rkab  Vi«w  of  Colimma  Elktbic  Cae. 

surrounds  the  toothed  wheel  drum  of  the  differential,  only  giving 
passage  to  the  pinion  gearing  with  this  drum.  The  differenti&l  gear 
has  a  pulley  upon  which  a  band  of  cleft  steel  is  apphed  by  a  set  of 
pedal -operated  levers.  The  pedal  begins  by  snitchii^  off  the 
circuit,  and  can  be  fa.^tened  at  a  suitable  notch  when  the  locking 
has  to  be  maintained.  The  controlling  ol  the  car  is  operated  by 
four  parts :  the  steering  lever  worked  with  the  right  hand,  the 
controller  with  the  left,  the  mechanical  brake  with  the  right  foot,  and 
a  heel  piece  for  reverse  motion  worked  with  the  left  foot.  The 
controller  is  very  simple,  but  does  not  allow  of  electric  locking  of 
the  wheels,  nor  of  recuperation,  and  if  the  car  is  stopped  by  the 
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inechamcal  brake  without  bringing  the  controller  to  the  stopping 
point,  there  is  a  risk  of  starting  off  again  at  third  speed  The  Soci^t^ 
Electromotion  exhibited  in  1899  a  pretty  type  of  (>olumbia  car  with 
one  and  two  motors,  all  having  Phoenix  accumulators. 

Cleveland  cars  are  built  by  the  Cleveland  Machine  Screw  Company 
according  to  plans  by  Sperry.  The  accumulators  weigh  375  kg. 
(826  lb. )  for  a  motor  of  900  kg.  (1,980  lb.),  and  feed  a  bipolar  series  motor 
giving  only  2  h.p.  under  86  volts  and  1,800  revolutions  per  minute, 
but  capable  of  supporting  an  extra  charge  of  160  per  cent.  It  is 
attached  to  the  centre  of  the  rear  axle  by  two  ball  bearings  on  either 
side  of  the  differential,  and  united  to  the  frame  by  an  elastic  sus- 
pender. It  is  surrounded  by  an  aluminium  gear  case,  and  transmits 
motion  to  the  differential  by  a  system  of  toothed  wheels  with  double 
reduction.  There  are  three  different  speeds,  4  km.,  8  km.,  and 
16  km,  (248,  4*97,  and  99  miles)  per  hour,  obtained  by  varied 
couplings  of  the  accumulators.  An  accelerator  acts  by  decreasing 
excitation  by  shunting  the  field  magnets.  By  regulating  the  shunt  a 
variable  speed  is  obtained,  which  may  attain  32  km.  (199  miles)  per 
hour.  There  is  also  a  mechanical  speed-changing  gear.  The  car  has 
three  brakes,  electric,  mechanical,  and  shoe.  Steering  is  operated  by  a 
loose  bar ;  the  sockets  of  the  steering  wheel  pivots  are  inclined  so  that 
their  prolongations  intersect  the  ground  at  the  point  of  contact  of 
the  wheels.  The  main  frame  is  formed  of  two  tubular  triangles  con- 
necting the  axles ;  and  it  is  reinforced  by  rods  joining  two  points  of 
the  axle  to  two  points  of  the  side  bars.  The  body  rests  in  front  on 
the  middle  of  a  spring,  by  a  horizontal  axis  which  allows  the  axles  to 
rock  in  a  vertical  plane ;  at  the  rear  it  rests  on  two  longitudinal 
nippers.  The  controlling  parts  are  very  simple ;  the  steering  bar  also 
works  the  controller  and  acts  as  a  stopping  lever  and  brake  lever. 
The  brake  is  worked  by  a  pedal  and  the  accelerator  by  a  button. 

With  regard  to  charging  accumulators,  charging  the  batteries  on 
the  car  itself  involves  the  spilling  of  corrosive  liquid,  and  the  evolution 
of  more  or  less  explosive  gas.  The  Aubervilliers  works  now  have  a  well 
devised  plant  by  means  of  which  spent  batteries  are  replaced  rapidly 
by  fresh  ones.  The  method  of  doing  this  is  to  run  the  car  over  two 
inclined  planes,  one  for  the  front  wheels  and  the  other  for  the  rear, 
some  centimetres  above  the  platform  of  a  hydraulic  lift  A  truck  is 
raised  by  this  platform  and  applied  against  the  battery;  the  spiral 
springs  suspending  the  latter  are  compressed  and   the  chains  un- 
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hooked.  Then  the  lift  descends,  and  the  truck  conveys  the  batterj' 
to  the  place  for  recharging,  running  along  railway  lines  and  travellinj? 
platforms.     An  inverse  operation  brings  the  new  battery  to  the  car. 

As  stated  in  Chapter  VIII.,  properly  designed  electric  cars  can 
return  energy  to  the  batteries  when  running  downhill,  the  momentum 
of  the  vehicle  causing  the  motor  to  act  then  as  a  generator  and  to 
form  a  convenient  automatic  brake.  The  following  statement  of  a 
case  in  point  is  due  to  Mr.  H.  F.  Joel :  At  the  U.  S.  A.  Chislehurst 
.  trials  in  Kovember,  1900,  the  highest  current  recorded  for  Riker  car 


Fig.  770. — CoLi-xBiA  Cbowv  Brake. 

No,  3  when  ascending  the  steepest  hill  (gradient  1  in  10)  was  119 
amperes,  and  in  descending  the  same  hill  a  back  charge  of  35  anipt-res 
was  given  to  the  battery.  The  total  weight  of  the  car,  with  passengers, 
was  965  kg.  (19  ewL).  The  tractive  resistance  may  be  taken  for 
rough  gravel  and  macadam  roads  as  22-6  kg.  (50  lb.)  per  ton  on  the 
level,  that  is  21*5  kg.  (47-5  lb.)  for  this  car;  then  the  effective  horse- 
power required  to  propel  the  car  up  an  incline  of  1  in  10,  at  a  speed 
of  9(15  km.  {C  miles)  per  hour,  would  be  42-h.p.  This  corresponds 
with  the  actual  current  observed,  namely,  119  amperes  at  30  volts  to 
32  volts,  taking  the  efficiency  of  the  electric  motors  with  connecting' 
wires  and  contacts  at  84  per  cent  The  additional  power  required  to 
ascend  the  gradient  of  1  in  10,  and  included  in  the  42  effective  h.p, 

W  X  A' 
given,  is  .,., ,    „  h.p. ;  where  V  is  the  speed  of  the  ciir  in  feet 

per  minute,  W  is  the  total  weight  of  the  car  in  ])Ounds.  and  the 
gradient  is  1  in  m.     in  this    case    the    required    power  will   be 
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W  X    V 
i6~x'~^^l)00~^'P' '  ^^^  ^^  ^^  evident  that,  when  descending  a  hill  of 

1  in  10,  a  considerable  part  of  this  power,  less  the  tractive  resistance^ 
is  available  for  recuperating  or  charging  the  battery.  Allowing 
25  per  cent,  higher  speed  when  going  downhill  for  generating,  and 
taking  the  efficiency  again  at  84  per  cent.,  the  actual  power  available 
is  1*9  h.p.  ;  whichj  at  40  volts,  will  give  33  to  35  amperes  as  the 
return  charge  to  the  battery,  corresponding  with  what  was  observed. 
The  duration  of  the  charging  is  less,  because  the  speed  is  increased 
25  per  cent.  ;  but  taking  this  into  account  in  the  example  referred 
to,  at  the  speeds  given  there  would  result  a  return  of  about 
23  5  per  cent,  of  the  energy  taken  when  ascending  the  same  hill ; 
and  this  agrees  with  numerous  observations  made  on  many  runs. 
Of  course  the  speed  downhill  would  be  comparatively  low — only 
12  km,  (7*5  miles)  per  hour  ;  but  on  a  hill,  say,  483  km.  (3  miles) 
in  length,  the  current  returned  would  be  between  10  ampere  hours 
and  20  ampere  hours,  which  would  be  sufficient  to  propel  the 
car  4*83  km.  to  8  km.  (3  to  5  miles)  on  good  level  roads — a  gain 
which  might  be  very  convenient  at  the  end  of  a  long  day's  journey. 
If  the  car  were  sent  downhill  at  24  km.  (15  miles)  per  hour,  it  would 
still  give  a  back  charge  to  the  battery,  but  for  only  half  the  time. 
One  direct  advantage  due  to  this  recuperation  is  depolarisation  of 
the  batteries,  which  restores  them  to  their  maximum  electromotive 
force  after  their  heavy  discharge  when  ascending  a  hill.  In  many 
long  runs  on  electric  automobiles,  Mr.  Joel  has  not  used  the 
mechanical  brake  at  all,  stopping  and  reducing  speed  solely  by 
the  reactive  effect  of  the  motor.  This  renders  the  control  of  an 
electric  car  simpler  than  that  of  any  other  self-propelled  vehicle  ; 
and  with  shimt-wound  motors  there  is  no  loss  of  energy  in  stopping, 
but  rather  a  gain. 

The  following  information  as  to  the  ratio  of  the  weight  of  the 
vehicle  to  the  weight  of  the  power-giving  battery  is  also  due  to 
Mr.  Joel.  Generally,  as  the  ratio  of  the  weight  of  the  battery  to  the 
weight  of  the  vehicle  increases,  so  the  distance  that  such  a  vehicle 
can  be  run  on  one  charge  is  increased:  but  of  greater  importance 
from  a  practical  point  of  view  is  the  load-carrying  capacity,  and  the 
ratio  of  the  weight  of  the  useful  load  to  the  weight  of  the  battery 
and  vehicle.  Taking  the  efficiency  of  the  motor  and  gear  at 
75  per  cent,  a  battery  of  accumulators  weighing  305  kg.  (6  cwt.) 


7a0  THE  AUTOMOBILE. 

will  give  an  eflective  power  of  10-h.p.  hours,  or  30-48  kg.  (67*2  lb.) 
for  1-h.p.  hour.      Assuming  an  output  of  33  watt  hours  for  1  kg. 
(15  watt  hours  for   1  lb.)  of  complete    battery,  a  305  kg.  battery 
would  convey  itself  against  a  tractive  resistance  of  22*6  kg.  (50  lb.) 
per  ton  (about  V*)  at  the  rate  of  193  km.  (12  miles)  per  hour  for  a  total 
distance  of  402  km.  (250  miles)  equal  to  120  ton-km.  (75  ton-miles). 
Assuming   that  the  vehicle    to    convey  this  battery  would  weigh 
305  kg.  (6  cwt.),  the  distance  that  could  be  run  with  vehicle  and 
battery  would  be  201  km.  (125  miles),  and  with  a  load  of  152  kg. 
(3  cwt.) — driver  and  passenger — the  distance  would,  under  the  same 
conditions,  be  reduced  to  161  km.  (100  miles),  with  the  same  ton- 
mileage  throughout.     With  twice  the  load,  that  is,  305  kg.  (6  cwt.)f 
the  distance  of  the  run  would  be  reduced  to  135  km.  (83*8  miles) ; 
and  with  three  times  the  load,  that  is,  457  kg.  (9  cwt.),  the  distance 
would  be  further  reduced   to  115  km.  (71*4  miles),  again  equal  to 
120   ton-km.  (75  ton-miles).     The  cost  of  carrying  the  useful  load 
would  be  0-55d.  per  ton-km.  (0*9d.  per  ton-mile)  for  the  152  kg. 
(3  cwt.)  load;    0*34d.   per   ton-km.   (0-55d.  per  ton-mile)  for  twice 
that  load  ;   and  0'28d.  per  ton-km.  (0.45d.  per  ton-mile)  for  thrice. 
Thus  as  the  load  is  increased,  the  cost  of  conveying   the  useful 
load  per  ton-mile  is  reduced  ;  but  there  is  a  limit  which   is  soon 
reached  when  the  car  nmst  be  made  stronger  and  heavier  to  carry 
the  increased  load,  with  a  consequent  increase  in  the  rimning  cost, 
in  the  first  cost,  and  also  in  the  allowance  for  depreciation  and 
interest. 
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CHAPTER    XX. 

PETROL-ELECTRIC  AUTOMOBILE   CARRIAGES. 

Electricity  has  rendered  valuable  assistance  in  the  development 
of  the  petrol  motor  by  supplying  a  means  of  igniting  the  explosive 
mixture  in  the  working  cylinder  ;  but  there  is,  however,  another 
appLcation  of  electricity  which  promises  to  be  of  increasing  import- 
ance as  a  means  of  replacing  the  mechanical  speed-changing  gears 
now  in  common  use  on  petrol  cars. 

The  greatest  inconvenience  of  the  petrol  motor,  as  has  been  shown 
in  former  chapters,  is  its  want  of  elasticity  ;  and  to  enable  it,  in  spite 
of  this  defect,  to  give  the  required  maximum  of  work  at  starting  and 
when  ascending  gradients,  it  must  have  an  excess  of  power  which 
there  is  no  use  for  in  ordinary  circumsUmces,  where  the  petrol  spirit 
yields  only  a  part  of  its  theoretical  heat  energy.  To  obtain  variable 
speeds  with  a  petrol  motor  there  has  to  be  a  complicated  system  of 
spur  gears  or  of  pulleys  and  belts,  which,  of  course,  wastes  much  power. 
On  the  other  hand,  a  large  amount  of  energy  can  be  carried  on  a  petrol 
car,  and  further  supplies  can  be  obtained  easily  on  the  road.  Opposite 
in  every  way  to  this  is  the  electric  motor;  this  has  remarkable 
elasticity,  being  able  to  bring  the  requisite  amount  of  energy  into 
play  at  each  moment  and  so  dispense  with  mechanical  speed-changing 
gear,  but  its  great  disadvantage  is  that  frequent  new  supplies  are 
essential.  This  balancing  of  advantages  and  disadvantages  naturally 
has  led  to  the  idea  of  associating  two  motors,  one  of  each  type,  in  the 
same  car. 

In  this  system  an  electric  generator  or  dynamo  is  coupled  direct 
to  the  petrol  motor,  and  the  current  furnished  is  employed  to  operate 
electric  motors  which  drive  the  car  in  one  or  other  of  the  ways 
usually  adopted  in  the  electric  vehicle  pure  and  simple.  The  com- 
bined engine  and  dynamo  thus  represent,  roughly  speaking,  the 
battery  of  accumulators  employed  on  the  electric  car,  and  have  the 
advantage  of  being  independent  of  a  source  of  electric  current  and 
of  being  considerably  lighter,  but  of  course  it  is  not  so  free  from 
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noise  and  vibration  as  is  the  absolutely  silent  motive  power  of  a 
secondary  battery.  The  current  is  led  to  the  motors  through  a 
controller,  which  enables  various  speeds  to  be  obtained  by  alterinor 
the  electrical  grouping  of  the  motors  and  their  parts.  The  ad- 
vantages of  this  system  are  the  ease  and  pleasantness  of  the 
control  as  in  a  purely  electric  car,  the  controller  effecting  a  change 
of  speed  gradually,  without  jerk  or  jar. 

There  are  two  types  of  petrol-electric  cars :  in  one  a  dynamo 
driven  by  the  engine  furnishes  current  to  electric  motors  ;  in  the 
other  there  is,  in  addition,  a  small  battery  of  accumulators  acting  as 
a  kind  of  flywheel  to  store  up  energy  when  it  is  not  required  for 
propelling  the  car,  and  to  furnish  it  in  increased  quantity  when 
extra  power,  as  for  hill  climbing,  is  needed.  The  former  type  is 
exemplified  by  the  Mercedes-Lohner-Porsche  car,  which  was  built 
for  the  abortive  Nice-Abbazzia  Race.  The  latter  is  well  exemplified 
by  the  Fischer  omnibus,  described  on  pp.  740  to  744,  and  in  the 
Fischer  lurries,  described  on  pp.  744  to  746,  and  in  the  Belgian 
Pieper  car,  which  for  some  reason  does  not  appear  to  have  been  so 
successful 

Of  the  two  types  of  petrol-electric  car,  that  exemplified  by  the 
Fischer  vehicles  appears  to  be  the  better.     The  engine  driving  the 
dynamo    is    enabled   to   run  constantly  at  its  highest    and    most 
eflScient  speed  irrespective  of  the  rate  at  which  the  car  is  travelling. 
A  comparatively  small  battery — capable  of  running  the  car  for,  say, 
half  an  hour  by  itself — is  connected  in  parallel  with  the  motors,  so 
that  the  electric  current  from  the  dynamo  may  be  said  to  have 
two  paths  open  to  it.     When  the  car  is  travelling  at  a  moderate 
pace  along  the  flat,  the  motors  do  not  take  all  the  current,   but 
some  of  it  goes  to  charge  the  battery.     If  more  energy  is  required 
to  drive  the  car,  the  motors  may  take  all  the  current  furnished  by 
the  djTiamo,  in  which   case  the  battery  will  not  receive  any.      If 
additional  power  is  needed,  as  when   travelling  uphill,  the  motors 
take   the  extra  energy  required  from  the  cells,    and  considerable 
hill-climbing  power  results.     As  the  motors  bear  the  same  relation 
to  the  battery  as  the  motors  of  an  ordinary  electric  vehicle  do,  the 
car  has  a  similar  degree  of   flexibility  and  softness  in  changing 
from  one  speed  to  another.      It  will  be  observed  that  the  battery 
performs  the  functions  of  a  flywheel  whose  action  is  not  dependent 
on  time  or  speed.    Above  all,  the  combination  presents  the  advantages 
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of  recuperation  and  electric  breaking,  so  valuable  in  the  electric  car. 
When  running  down  a  long  gradient,  instead  of  wasting  energy  in 
wearing  out  brakes,  the  motors  may  be  made  to  act  as  generators, 
and  to  put  current  back  into  the  cells,  thereby  assisting  the  action 
of  the  dynamo.  Such  control  is  gentler  and  more  agreeable  than 
that  of  ordinary  braking,  and  reduces  the  fuel  consumption  of  the 
petrol  motor. 

The  weight  of  a  petrol-electric  car  is  a  consideration.  The 
whole  mechanism  is  essentially  heavier  than  that  of  a  vehicle  in 
which  a  petrol  engine  drives  directly  through  change-speed  gearing, 
although  the  weight  of  the  electric  motors  may  be  deducted  from 
that  of  the  change-speed  mechanism  dispensed  with  in  the  petrol- 
electric  system.  The  dynamo  is  constructed  to  form  the  flywheel 
of  the  petrol  engine,  and  from  its  additional  weight  the  ordinary 
flywheel  allowance  for  an  engine  of  considerable  construction  may 
also  be  deducted.  There  still  remains,  however,  a  considerable 
extra  weight,  without  taking  into  consideration  that  of  the  battery, 
which  need  not  be  very  heavy,  as  its  capacity  need  only  be  small. 
An  advantage  not  yet  referred  to  is  that  of  starting  the  petrol  engine 
by  supplying  current  to  the  dynamo,  which  then  runs  as  a  motor,  so 
that  a  petrol-electric  vehicle  can  be  started  almost  as  easily  as  an 
electric  car. 

Accumulators  for  petrol-electric  vehicles  must  have  high  dis- 
charge rates  for  short  periods,  and  so  the  usual  light  traction  battery 
is  hardly  suitable,  as  though  its  weight  may  be  low  for  long 
discharge  rates,  for  short  but  high  discharges  the  weight  must  be 
great.  The  best  existing  type  of  battery  is  one  of  the  Tudor  class, 
having  a  light,  large-surface  Plante  positive  plate  and  a  light  pasted 
negative.  Such  a  battery  has  been  employed  successfully  on 
tramcars  in  Dresden. 

The  Fischer  type  of  vehicle  is  proving  itself  highly  successful 
for  lurries  and  omnibuses,  where  actual  weight  is  comparatively 
unimportant.  How  far  it  can  be  adapted  for  passenger  vehicles 
and  pleasure  cars  of  the  lighter  kind  remains  to  be  seen. 

The  Lohner-Porsche  system  is  essentially  lighter,  there  being  no 
battery,  but  the  only  advantages  gained  are  the  suppression  of 
change-speed  mechanism,  and  the  more  pleasant  effect  which 
electrical  variation  of  speed  permits.  The  battery-flywheel  effect  is 
not  obtained,  nor  the  recuperating  and  electrical  braking  effecta 
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And  in  addition  the  engine  lias  to  be  started  in  the  same  way  as 
an  ordinary  petrol  car.      However,  in  the  latest  type  of  car  there 


is,  as  described  on  p.  736,  a  battery  of  six   cells  which  stJirt  the 
petrol  motor  and  light  the  car  lamps. 

The  first  working  petrol-electric  car,  it  is  believed,  was  W.  H. 
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Patton's  arrangement  that  was  exhibited  at  Chicago.  Patton  had 
had  experience  in  tramcar  construction,  and  his  tramcars,  dating 
from  1890,  each  had  a  gas  engine  driving  a  generating  dynamo, 
which  supplied  current  to  two  electric  motors  which  drove  the  car 
wheels.  Heilmann  had  a  similar  arrangement  on  two  electric  loco- 
motives built  for  the  Western  Railway  of  France,  though  he  used 
a  steam  engine,  not  a  gas  engine.  In  Patton's  tramcars,  inserted 
between  the  dynamo  and  the  driven  motor,  was  a  battery  of  accumu- 
lators, which  formed  a  reserve  of  energy,  to  be  drawn  on  when 
required.  In  Patton's  first  real  petrol-electric  car,  a  petrol  motor 
ran  a  dynamo,  which  gave  its  current  to  a  battery  of  accumulators ; 
these  ran  an  electric  motor,  which  finally  drove  the  vehicle. 

Such  a  system  as  is  outlined  above  necessarily  is  complicated,  but 
in  May,  1896,  H.  J.  Dowsing  patented  a  much  simpler  combination. 
A  continuous  current  dj-namo  is  fixed  on  the  car  and  is  driven  by  the 
surplus  power  of  the  petrol  engine,  the  dynamo  yielding  current  with 
which  to  charge  accumulators.  The  connections  are  so  arranged  that 
when  the  speed  falls  below  normal,  the  dynamo  becomes  a  motor 
driven  by  the  accumulators  it  previously  was  charging,  belts  trans- 
mitting the  motion  to  the  axle  ;  in  the  same  way  the  dynamo-motor 
serves  for  starting  the  petrol  engine.  The  motor  and  the  accumulators 
do  not  have  to  sustain  heavy  loads  and  can  be  of  light  construction. 

The  Pieper  car,  exhibited  at  the  Tuileries  in  1899  by  the  Liege 
firm,  is  on  the  above  system. 

The  latest  type  of  Lohner-Porsche  car  has  front  driving  wheels, 
and  the  front  portion  of  it  is  illustrated  in  Fig.  771.  The  15-h.p. 
Panhard  Centaure  four-cylinder  engine  has  a  Krebs  carburetter, 
and  is  fixed  to  the  main  frame.  Two  independent  commutators 
are  provided,  and  the  high-tension  ignition  plugs  for  the  cylinders 
are  in  duplicate.  The  petrol  engine  is  coupled  direct  to  the 
armature  of  the  dynamo  M,  this  armature  replacing  the  usual 
flywheel  and  running  inside  a  circular  field-magnet  casting,  which 
is  more  or  less  secured  to  the  main  frame.  The  field  magnets  are 
not  exactly  fixed  to  the  frame,  because  they  are  capable  of  a  slight 
rotary  motion  through  a  few  degrees.  They  are  normally  held  in 
this  respect  up  against  a  stop  by  means  of  a  spring,  and  they  can 
only  overcome  the  pull  of  the  spring  when  the  load  upon  the 
dynamo  exceeds  a  certain  amount.  The  actual  position  of  the 
field  magnets  therefore  varies  in  accordance  with    the  load,  and 
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they  are  connected  in  such  a  manner  with  the  petrol  engine  that 
they  govern  it  as  would  an  ordinary  centrifugal  force  governor. 

The  power  is  transmitted  electrically  to  the  front  wheels,  in 
whose  hubs  the  motors  B  are  enclosed.  The  speed  of  the  vehicle  is 
varied  by  means  of  the  lever  S,  which  is  connected  with  the 
controller  R  in  such  a  manner  as  to  complete  the  required 
electrical  connections  between  the  dynamo  and  the  motors  as  it 
moved  to  the  different  positions  about  its  quadrant.  A  small 
battery  of  accumulators,  consisting  of  six  cells  only,  is  provided  on 
the  ear.  They  are  used  primarily  for  the  ignition,  and  are  also 
employed  for  starting  the  petrol  motor  by  means  of  the  dj-namo, 
and  for  the  lamps.      The  cells  can  be  recharged  from  the  dynamo 


when.neceRsary.  The  electrical  connections  made  by  the  controller 
enable  the  motors  in  the  wheels  to  be  used  as  powerful  brakes, 
and  mechanical  brakes  are  applied  to  the  hubs  of  the  rear  wheels 
by  pedal,  «,  simultaneously  with  them.  The  vehicle  is  said  to  be 
capable  of  attaining  a  speed  of  nearly  805  km.  (50  miles)  an  hour  on 
the  level ;  its  weight  is  about  813  kg.  (16  cwt).  In  Fig.  771,  A  is 
the  radiator,  E  induction  pipe,  G  valve  yokes,  J  water  comieciion, 
K  exhaust  valve-stems,  H  exhaust  pipe,  L  crank-case,  and  T  baud- 
steering  wheel  with  ignition  and  mixture  regulators,  U  V, 

The  Germain  petrol-electric  car  may  be  more  correctly  termed  a 
petrol  car  with  an  electrical  change-speed  gear,  and  it  is  a  different 
type  of  car  from  those  in  which  the  whole  power  of  a  petrol  motor 
is  employed  to  drive  a  dynamo,  and  in  this  way  is  transmitted  to  the 
electric  motors ;  because  in  the  Germain  car  only  part  of  the  petrol 
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motor's  power  is  so  employed,  and  there  are  no  accumulators  to 
form  a  reserve  of  energy.  Its  advantages  are  the  same  as  in*  the 
other  types  of  petrol-electric  car  so  far  as  concerns  the  flexibility 
between  motor  and  road  wheels  and  facility  in  varying  Jtho  speed 
and  torque  of  the  driving  wheels  without  altering  those  of  the 
petrol  motor.  Its  disadvantage  is  the  absence  of  accumulators 
which  in  the  other  type  of  car  store  the  surplus  power  and  give 
increase  of  speed  for  short  periods ;  but  a  compensation  is  the 
lower  weight  of  the  car  and  a  more  efficient  transmission. 

The  Germain  apparatus  is  more  obviously  an  electrical  change- 
speed  gear  when  the  main  clutch  on  an  ordinary  petrol  car  is 
considered  a  part  of  the  speed  gear.  It  is  shown  diagrammatically 
in  Fig.  772,  and  some  of  the  electrical  connections  are  represented 
in  Fig.  773.  The  petrol  motor  A  is  fixed  in  front  of  the  car, 
with  its  crank-shaft  lying  longitudinally.  The  power  is  ultimately 
transmitted  by  side  chains  to  the  rear  wheels  from  a  transverse 
countershaft,  G,  on  which  is  a  differential  gear,  this  being  petrol  car 
practice.  Two  series-wound  dynamos  are  placed  between  the  petrol 
motor  and  the  countershaft,  their  armatures,  which  are  in  line 
with  one  another  and  with  the  crank-shaft,  being  fixed  upon  a 
longitudinal  shaft,  at  whose  rear  end  is  a  bevel  wheel,  F,  which 
engages  with  a  corresponding  wheel  on  the  shell  of  the  difterential 
gear.  The  foremost  dynamo  C  acts  when  required  as  a  magnetic 
clutch,  and  its  field  magnet  B  is  fixed  to  the  forward  end  of  the 
crank-shaft,  so  that  it  revolves  about  its  armature  C  at  the  same 
speed  as  the  petrol  motor.  The  rearmost  dynamo  D  acts  for  the 
most  part  as  an  electric  motor,  although  it  is  also  used  as  a 
dynamo  in  order  to  give  a  "  braking "  effect  when  required.  The 
field  magnet  £  is  securely  fixed  to  the  main  frame  of  the  car, 
and  its  armature  D  revolves  at  all  times  at  a  proportional  speed 
to  the  road  wheels. 

For  the  sake  of  clearness,  rearmost  dynamo  D  is  here  called 
the  motor,  foremost  dynamo  C  the  dynamo,  and  the  petrol 
motor  A  the  engine.  It  will  be  noticed  that  the  field  magnet  B 
of  the  dynamo  forms  a  flywheel  for  the  engine  ;  each  armature 
has  a  separate  comnuitator,  from  and  to  which  the  current  can 
be  taken  through  brushes  in  the  ordinary  way.  Variations  of 
speed  of  the  car  are  effected  entirely  by  a  controller,  which  makes 
the  necessary  electric  connections  between  the  dynamo,  motor,  and 
v  V 
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a  variable  resistance  coil.  The  resistance  R  can  be  introduced 
across  the  terminals  of  the  field  magnet  windings  of  the  motor,  and 
Fig.  773  shows  diagraminatically  most  of  the  switch  connections 
for  the  various  speeds,  although  those  for  producing  a  braking 
effect  are  not  included.  Assuming  that  the  engine  has  been 
started,  and  the  car  is  at  rest,  the  dynamo  field  magnets  will  be 
revolving  about  the  armature  C.  The  electric  circuit  throughout 
is  open,  no  current  is  generated,  and  there  is  no  tendency  for  the 
armature  to  revolve.  For  starting  the  car  the  dynamo  is  connected 
in  series  direct  to  the  motor  (switch  not  shown),  and  the  current 
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Fig.  773. — Germain  £lect&ical  Connections, 


flows  in  the  direction  shown  by  the  arrows  through  the  motor, 
causing  it  to  start  in  the  same  direction  in  which  the  engine 
is  running.  Under  these  conditions  the  car  travels  at  a  speed 
depending  upon  the  gradient  of  the  road  and  its  tractive 
resistance. 

Part  of  the  power  imparted  to  the  driving  wheels  will  be 
derived  direct  by  the  magnetic  puU  of  the  dynamo  field  magnets 
on  its  armature,  and  the  other  part  will  be  derived  by  the  pull 
of  the  motor.  The  faster  the  car  runs  the  more  nearly  will  the 
speed  of  the  dynamo  armature  correspond  with  that  of  its  field 
magnets,  and  consequently  the  amount  of  current  supplied  by  it 
to  the  motor  will  be  less,  and  the  motor  will  be  doing  less  w^ork. 
The  reduction  of  current,  however,  also  affects  the  pull  of  the 
dynamo  field  magnets  on  its  armature,  because  the  magnetism  in 
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both  is  thereby  reduced.  On  the  other  hand,  the  slower  the  car 
runs  the  greater  will  be  the  relative  speeds  of  the  armature  and 
the  fields  of  the  dynamo,  and  consequently  the  clutch  effect 
between  these  parts  will  be  increased,  and  the  power  of  the  motor 
will  also  be  greater.  For  increasing  the  speed  of  the  vehicle  the 
switch  R^  is'  moved  to  its  first  position,  thus  introducing  a 
resistance  across  the  field  magnets  of  the  motor,  and  so  increasing 
the  normal  speed  of  the  motor,  in  addition  to  increasing  the 
quantity  of  current  flowing  through  the  main  circuit,  and  hence 
the  magnetic  direct  pull  of  the  dynamo.  Gradual  increases  of 
speed  are  mad^  by  reducing  the  value  of  the  resistance  R,  and 
thus  gradually  and  ultimately  completely  short-circuiting  the  motor 
field  magnets  with  greater  and  greater  effect.  In  practice,  twelve 
of  these  resistance  contacts  are  provided,  equivalent  to  twelve 
different  car  speeds.  For  the  top  speed  the  switch  R*  is  moved 
to  its  lowest  position  in  the  diagram  when  the  entire  motor  is 
short-circuited,  and  consequently  it  takes  but  little  relative  speed 
between  the  armature  and  the  field  magnet  of  the  dynamo  to 
generate  the  necessary  current  for  magnetising  these  two  parts 
sufficiently  to  obtain  a  direct  drive  to  the  armature  shaft.  It 
should  here  be  pointed  out  that  this  magnetic  clutch  provides  a 
very  flexible  coupling  between  the  engine  and  the  road  wheels,  the 
effect  of  varying  gradients  on  the  road  being  merely  to  change  the 
relative  speeds  of  the  field  and  the  armature  of  the  dynamo. 
There  is  a  risk  of  the  dynamo  winding  being  burnt  up  if  this  top 
gear  is  switched  in  suddenly,  or  when  climbing  a  steep  hill, 
unless  the  output  of  the  dynamo  is  sufficient  to  withstand  the 
heavy  overload. 

Reversing  is  effected  mechanically,  and  cannot  be  obtained  by 
the  electrical  apparatus.  The  well-known  method  of  bringing 
alternative  bevel  wheels  on  the  differential  into  mesh  on  one  side 
or  the  other  of  the  bevel  wheel  F  on  the  armature  shaft,  has  been 
resorted  to,  this  gear,  of  course,  only  being  changed  when  the  car 
is  at  a  standstill.  A  powerful  electric  brake,  however,  is  available, 
and  is  operated  in  practice  by  the  same  controlling  lever  which 
gives  the  variations  of  speed.  Four  different  degrees  of  retardation 
can  be  obtained,  the  handle  being  moved  back  over  four  contact 
pieces ;  the  motor  connections  are  so  grouped,  with  variable 
resistances  introduced,  that  the  motor  acts  as  a  dynamo. 
V  v  2 
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The  Hart  petrol-electric  car  may  be  classed  with  the  Germain, 
inasmuch  as  the  electrical  arrangements  are  in  the  nature  of  a  system 
of'  transmission  only.  The  main  frame,  of  channel  steel  filled  with 
wood,  is  supported  upon  semi-elliptic  side  springs  above  the  rear 
axle,  and  upon  transverse  springs  above  the  front  axle;  the 
rear  springs  are  longer  in  front  of  the  axle  than  behind  it.  The 
side  members  of  the  frame  are  stiffened  by  tie-rods  passing  along' 
beneath  them,  and  giving  them  a  girder  construction.  The  usual 
distance  rods  connect  the  back  axle  with  the  frame,  and  similar  rods 
are  employed  for  keeping  the  front  axle  parallel  with  the  other- 
These  rods  are  pivoted  to  the  ends  of  the  axle,  close  up  to  the  forks 
which  provide  the  steering  heads,  and  at  their  other  ends  they  are 
pivoted  to  the  side  member  of  the  frame,  a  little  forward  of  the  dash- 
board. The  40-h.p.  four-cylinder  petrol  motor  is  fixed  to  the  main 
frame,  and  has  its  inlet  valves  arranged  above  the  exhaust  valves ; 
the  former  are  operated  mechanically  from  an  enclosed  chain-drumi 
cam-shaft  which  passes  across  above  them,  the  front  end  of  the  cam- 
shaft having  a  pulley  secured  to  it,  by  which  it  drives  a  fan  placed 
immediately  behind  the  honeycomb  radiator  forming  the  front  of  the 
bonnet.  A  centrifugal  force  governor  acts  upon  a  throttle  valve,  and 
ignition  is  high  tension  timed  by  a  small  lever  on  the  steering  pillar. 
Another  similar  lever  alongside  it  is  connected  to  the  carburetter.  A 
twenty-kilowatt  enclosed  four-pole  dynamo  is  fixed  to  an  angle  steel 
underframe,  immediately  behind  the  petrol  motor,  and  its  shaft  is 
connected  with  the  crank-shaft  by  a  flexible  coupling.  Its  current  is 
led  through  a  controller  to  an  electric  motor  fixed  to  the  main  frame 
immediately  behind  the  diflFerential  countershaft,  from  which  the  side 
chains  pass  to  the  rear  wheels.  The  shaft  of  the  electric  motor  lies 
parallel  with  the  countershaft,  and  a  spur  wheel  on  its  left  end  meshes 
with  a  corresponding  spur  wheel  secured  to  the  shell  of  the  differential 
The  controller  connects  the  dynamo  with  the  elebtric  motor  and 
with  resistance  coils  so  that  thp  speed  can  be  regulated  at  will. 
The  controller  is  operated  by  a  horizontal  lever  fixed  to  the 
steering  piUar  beneath  the  wheel  The  usual  brakes  are  fitted  to  the 
hubs  of  the  rear  wheels,  and  a  brake  drum  is  also  fixed  on  the  right 
end  of  the  electric  motor  shaft.  The  car  is  capable  of  attaining  high 
speeds,  it  being  obviously  of  great  power. 

The  Fischer  omnibuses  are  the  most    familiar  type  of  heavy 
petrol-electric  vehicle.    One  of  these  is  a  private  'bus,  with  accom- 
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modation  for  seventeen  passengers — twelve  inside,  one  beside  the 
driver,  and  four  on  a  seat  behind  the  driver,  and  its  appearance  is 
seen  in  Fig,  774.  The  general  arrangement  of  the  undercarriage 
and  machineiy  is  shown  in  Fig.  775.  The  petrol  engine  is  mounted 
across  the  angle  steel  frame  beneath  the  driver's  seat,  and  is  directly 
coupled  to  a  multipolar  dynamo  fixed  immediately  in  front  of  it 
The  crank-shaft  lies  at  right  angles  to  the  front  axle,  and  a  flywheel 
is  fitted    to    its    rear    end.      The  engine  is  of  the  three-cylinder 


Fig.  774. — FiBcHEE  Petkol-Electkic  Uhkibuh. 

vertical  type,  and  is  described  on  p.  260.  The  float-feed  atomising 
carburetter  is  fixed  above  the  dynamo,  and  the  three  exhaust  pipes 
pass  from  the  engine  to  an  exhaust  box  placed  transversely  across 
and  heneath  the  frame.  The  circulating  pump  is  driven  as  described 
on  p.  260.  There  Is  a  horizontal  radiator  placed  centrally  underneath 
the  vehicle,  and  a  large  supply  tank  behind  the  rear  axle.  The 
current  generated  by  the  dynamo  is  led  through  a  controller  on 
the  left  side  of  the  driver,  and  in  the  centre  of  the  car,  to  two 
bi-polar  motors  driving  the  rear  wheels.  These  motors  are  drum 
or  shunt  wound  and  entirely  enclosed,  and  although  their  shafts 
are  independent  of  each  other,  they  are  connected  rigidly  together. 
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They  are  supported  rearwardly  on  the  back  axle,  about  which  they 
are  free  to  swing,  and  their  weight  is  taken  forward  by  spring 
suspension  from  the  frame.  Spur  wheels  are  fitted  to  the  outer 
ends  of  the  shafts,  these  meshing  with  corresponding  wheels  on 
intermediate  shafts,  rigid  with  which  other  pinions  gear  with  spur 
wheels  lixed  to  the  rear  wheels.  A  double  reduction  of  speed 
between  the  motor  and  the  wheels  is  thus  provided.  Each  gear  is 
contiuned  in  a  dust-proof  case.      The  motors  normally  give  5-h.p, 
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each  at  600  revolutions.  Each  of  the  inner  ends  of  their  shafts 
carries  a  brake  dnim,  a  pedal  to  the  right  of  the  steering  pillar 
being  connected  in  such  a  manner  as  to  apply  the  brake  siniiil- 
tancously  on  both.  The  petrol  motor  runs  at  a  normal  speed  of 
600  revolutions  a  minute,  and  develops  about  10-h.p.  on  the 
brake.  The  dynamo  has  a  norma!  output  of  live  kilowatts,  and 
its  voltage  at  normal  speed  is  110. 

The  series  parallel  type  controller  is  arranged  with  five  forwanl 
positions  and  three  in  a  reverse  direction.  The  connections  mafle 
by  it  for  forward  running  include — the  motors  in  series  with  a  starting 
resistance  introduced;  a  similar  connection  with  resistance  cut  out: 


the  armatures  in  series  and  the  field  in  parallel ;  and  the  two  motors 
in  parallel.  The  forward  speeds  vary  up  to  ten  miles  an  hour,  and  those 
provided  for  the  reverse  up  to  five  miles  an  hour,  although,  obviously, 
by  changing  the  ratio  of  the  reducing  gear  between  the  motor  and 
the  wheels  any  desired  speeds  can  be  provided  for.  The  hand  lever 
operating  the  controller  is  rigidly  connected  with  a  vertical  contact- 
making  drum,  and  the  handle,  which  projects  vertically  from  the 
end  of  the  lever,  is  fitted  with  a  sliding  rod  connected  with  a  catch, 
po  that  the  lever  cannot  be  moved  to  either  of  the  "  reverse  " 
positions  unless  the  rod  is  depressed. 

A  battery  of  fifty  accumulator  cells  is  arranged    beneath    the 
seats  inside  the  'bus.     These  cells  are  of  the  Madden  Chloride  pattern 
and   have   a   capacity   of   ninety   ampere   hours.     For   starting    the 
petrol  motor  these  ceils  are  connected  to  the  dynamo  by  a  switch ; 
the  petrol  motor  Le  in  this  manner  started  by  the  driver  from  his 
seat,  and  when  it  is  running  these  cells  are  always  connected  across 
the   terminals  of  the  djuamo,  and   in   this  way  tend   to  keep   the 
speed  of  the  petrol  motor  constant,    receiving   current    from   the 
dynamo  when   more   current   is  generated   than   is  being   used   by 
the  electric   motors,  and    supplementing  any   demand   for  currer 
made   by  the  latter   over  and   above  that   being  generated  at   t' 
moment       A   combined   ammeter  and   voltmeter    is   fitted  in   ■ 
seat   to   the  left   of    the    driver.        The   voltmeter   is  at   all   ti 
connected  across  the  dynamo  terminals,  and  the  ammeter  can  e 
be  switched  over  to  show  the  quantity  of  current  being  gene 
or  to  show  the  amount  of  current  being   taken   by  the   rao 
two-way  switch  being  provided  for  this  purpose. 

The  main  frame  of  the  Fischer  'bus  is  supported  at  f- 
rear  by  semi-elliptical  springs,  those  in  front  being  carri' 
end  by  a  transverse  spring  passing  beneath  the  frame,  thf 
ends  being  fixed  to  the  Irame  in  the  usual  manner, 
axle  is  built  up  like  a  girder,  carries  the  steering  he' 
end,  and  has  the  front  springs  which  are  bolted  to  ii 
that  they  pass  through  between  the  upper  and  the  l- 
of  the  girder.     The  steering  is  effected  by  a  hand  w' 
the  top  of  a  long  vertical  shaft,  which  terminates  i 
in  a  pinion  operating  a  rack.    The  steering  wheel? 
the  Ackermann  principle,  the  rack  just  mentioner 
to    them    by  a    rod    in    much    the    usual  mar 
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illustrated,  the  hand  wheel  has  to  be  moved  to  the  left  when  the 
vehicle  is  to  be  steered  to  the  right,  and  vice  versd.  The  wheels 
are  of  the  artillery  type,  and  have  101-6  mm.  (4  in.)  CaUnnet 
tyres.  The  front  wheels  are  96*5  cm.  (38  iru)  in  diameter,  and 
the  rear  wheels  1168  cm.  (46  in.).  A  sand  box  with  handle 
control  is  now  fitted,  the  sand  being  led  through  tubes  to  points 
in  front  of  the  driving  wheels.  The  total  weight  of  the  vehicle  is 
nearly  four  tons.  Brakes  of  the  spoon  pattern  are  fitted  to  the 
tyres  of  the  rear  wheels,  and  are  connected  with  a  hand  lever 
beside  the  driver.  These  are  only  intended  to  be  used  in  case  of 
emergency,  or  for  holding  the  vehicle  when  at  rest  on  a  hill. 

The  Fischer  petrol-electric  lurry  resembles  the  omnibus  on  the 
same  system  above  described.  Its  chief  dimensions  are:  Length, 
5'5  m.  (18  ft  45  in.)  ;  useful  width  of  platform,  1*52  m.  (5  ft) ; 
width  of  hubs,  228  m.  (7  ft  6  in.) ;  and  wheel  base,  3-2  m.  (10  ft.  6  in.) ; 
the  front  wheels  are  91*4  cm.  (3  ft)  in  diameter,  and  the  rear  wheels 
1067  cm.  (42  in.) ;  they  are  fitted  with  178  cm.  (7  in.)  Calumet 
solid  tyres.  The  machinery  differs  somewhat  from  that  on  the 
omnibus,  the  motor  being  of  the  four-cylinder  balanced  horizontal 
type,  instead  of  having  three  vertical  cylinders.  The  bore  is 
1397  mm.  (65  in.),  and  stroke  152*4  mm.  (6  in.).  The  crank-shaft  is 
coupled  direct  to  a  9-kilowatt  dynamo,  which  runs  at  a  normal  speed 
of  500  revolutions  a  minute,  and  gives  110  volts  at  that  speed  The 
current  from  the  dynamo  passes  direct  to  two  motors,'each  of  which 
is  connected  by  double  reduction  spiur  gearing  to  one  of  the  rear 
wheels,  the  balance  passing  to  or  from  a  comparatively  small  battery 
of  accumulators  according  as  more  or  less  power  is  required  by  the 
motors  than  is  being  furnished  by  the  dynamo.  The  controller,  which 
has  five  speeds  forward  and  also  five-speed  reverse,  acts  as  in  an 
ordinary  electrical  vehicle,  and  makes  the  necessary  connections 
between  the  accumulators  and  motors.  The  dynamo  terminals  are 
normally  connected  directly  to  the  terminals  of  the  cells.  The  battery 
consists  of  forty-four  cells,  having  a  capacity  of  136  ampere-hours  at 
a  three-hour  rate  of  discharge.  On  the  level  the  vehicle  travels  at 
speeds  up  to  7  7  km.  or  8  km.  (45  or  5  miles)  an  hour  with  its  full 
load.  It  has  been  stated  that  the  motors  are  capable  of  standing  an 
overload  of  150  per  cent,  that  the  vehicle  can  ascend  grades  of  15  per 
cent,  with  a  load  of  7^  tons,  and  that  the  fiiel  consumption  per  ton 
works  out  at  Id. 
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The  motors,  gearing,  and  axle  of  this  lurry  are  entirely  enclosed 
in  a  dust-proof  casing,  which  can  be  removed  easily  in  order 
to  get  at  the  mechanism.  The  motors  themselves  are  enturely 
independent  of  one  another,  and  each  carries  a  pinion  on  the  inner 
end  of  its  shaft,  the  pinions  gearing  with  spur  wheels  mounted 
on  an  intermediate  shaft  from  which  other  pinions  transmit  the 
power  to  spur  wheels  mounted  about  the  rear  axle  and  connected 
with  each  of  the  side  wheels.  Both  front  and  rear  axles  are  strongly 
built ;  the  main  frame  is  mounted  above  the  former  on  springs  of  the 
platform  type,  and  above  the  rear  axles  on  semi-elliptic  springs,  having 
freely  sliding  ends.  The  rear  axle  is  connected  to  the  frame  by 
distance  rods  in  much  the  usual  way. 

Some  particulars  of  a  later  type  of  Fischer  one-ton  truck  or 
lurry  may  here  be  given. 

In  this  the  engine  is  again  three-cyUnder,  and  it  is  capable  of 
developing  10  h.p.,  and  normally  gives  about  7  h.p.,  at  a  speed 
of  about  600  revolutions  per  minute.  Its  power  and  speed  are 
regulated  by  varying  the  time  of  ignition  and  by  a  throttle-valve. 
The  throttle-valve  is  provided  with  .a  magnetic  control,  the 
solenoid  of  which  is  arranged  in  series  between  the. dynamo  and 
the  accumulators.  By  this  arrangement  the  speed  of  the  engine 
is  to  a  certain  extent  automatically  governed,  and  the  quantity 
of  current  supplied  by  the  dynamo  to  the  cells  is  kept  constant 
A  fan  is  fixed  on  the  rear  end  of  the  crank-shaft,  and  a 
circulating  pump  is  friction-driven  off  the  flywheel.  The  multipolar 
dynamo  is  coupled  direct  to  the  front  end  of  the  crank-shaft,  and 
therefore  lies  beneath  the  floor  in  front  of  the  seat.  The  engine 
and  dynamo  are  fixed  on  a  common  bed  plate,  which  is  in  turn 
secured  to  cross-members  of  the  main  frame.  The  dynamo  has 
an  output  of  5  kilowatts,  and  its  normal  E.M.F.  is  about  110  volts, 
there  being  50  cells  arranged  in  series  to  form  the  battery.  The 
accumulators  are  of  the  P.V.  chloride  type,  and  have  a  aipacity 
of  about  67^  ampere  hours  at  a  three-hour  rate  of  discharge. 
The  petrol  engine  normally  charges  them  at  the  rate  of  50  amperes, 
and  the  maximum  discharge  rate  may  be  something  like  150 
amperes  for  short  periods  on  exceptionally  steep  hills. 

The  rear  axle  is  divided  centrally,  and  each  half  is  carried  in 
two  bearings  in  a  substantial  framework.  No  differential  gear  is 
needed,  as  two  separate  series  motors  are  employed,  one  of  which 
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drives  each  half- axle.  The  inner  ends  of  the  half- axles  carry  spur 
wheels,  and  corresponding  pinions  on  the  motor  shafts  mesh  with 
thenL  The  output  of  each  motor  is  2^  kilowatts;  they  are  series 
wound.  The  connections  which  are  made  by  the  controller  between 
the  accumulators  and  the  motors  give  five  forward  speeds  besides 
reverse  speeds.  In  the  first  forward  notch  the  motors  are  put  in 
series  with  one  another,  and  a  resistance  is  introduced  in  the 
circuit.  In  the  second  notch  the  motors  are  still  in  series,  but 
the  resistance  is  cut  out.  In  the  third  position  the  fields  are  in 
parallel,  with  one  another,  and  the  armatures  in  series  with  each 
other  and  with  them.  In  the  fourth  notch  the  armatures  are  in 
parallel,  and  the  fields  in  series  with  one  another  and  with  the 
armatures.  In  the  fifth  position  the  two  motors  are  in  parallel 
with  one  another.  For  starting  the  petrol  motor,  the  accumulators 
by  means  of  a  switch  are  connected  with  the  dynamo  through  a 
resistance ;  after  starting  the  resistance  is,  of  course,  cut  out  An 
ammeter  and  voltmeter  are  fixed  beside  the  driver.  The  vehicle 
is  strongly  built,  and  weighs  a  Httle  over  three  tons.  The  front  axle 
is  of  a  built-up  girder  construction,  and  resembles  those  on  other 
Fischer  vehicles.  The  tanks  are  arranged  behind  the  driver's  seat, 
and  the  seat  itself  is  at  a  considerable  height  above  the  ground. 

A  very  much  larger  Fischer  truck  than  the  above  has  run 
from  London  to  Liverpool,  vid  Derby  and  Manchester,  completing 
the  352  km.  (219  miles)  in  very  bad  weather  without  any 
breakdown.  The  truck  is  intended  to  carrj''  loads  as  much  as 
10  tons,  and  is  geared  to  speeds  up  to  4  miles  an  hour.  The 
average  speed  maintained  on  the  trip  was  34  km.  (2125  miles) 
an  hour,  and  the  fuel  consumption  for  the  journey  worked  out  at 
51  1.  (9  pints)  per  mile.  This  truck  is  fitted  with  a  22-h.p. 
petrol  motor  and  a  9-kilowatt  dynamo.  The  battery  consists  of 
48  cells,  having  a  capacity  of  150  ampere  hours.  Two  7i-h.p, 
electric  motors  drive  the  rear  wheels.  The  vehicle  is  5*5  ui. 
(18  ft.  4  in.)  long  over  all,  and  has  1778  cm.  (7  in.)  solid 
rubber  tyres. 

The  City  and  Suburban  petrol-electric  car  is,  to  a  certain  extent, 
an  experimental  vehicle,  though  it  has  given  good  performances: 
later  cars,  however,  are  to  be  of  considerably  greater  power.  It  is  a 
four-seated  double  phaeton,  and  the  back  seat  has  a  hood.  The 
battery  is  fitted  underneath  the  rear  seat  in  a  compact "  boot " ;  it 
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consists  of  44  small  cells  of  70  ampere-hour  capacity.  The  chassis 
itself  consists  of  two  frames,  an  upper  one  of  channel  steel  carrying 
the  battery  box,  the  car  body,  the  dynamo  or  generator,  and  the  petrol 
motor.  This  upper  frame,  which  as  it  were  forms  a  chassis  in  itself, 
is  mounted  by  double  elliptical  springs  on  the  lower  tubular  frame- 
work, which  is  practically  identical  with  that  employed  in  the  electric 
broughams  of  the  same  make  ;  that  is  to  say,  it  consists  of  front  and 
rear  axles  connected  by  jointed  tubular  reaches,  the  electric  motors 
which  drive  the  car  being  mounted  on  the  rear  axle,  and  driving  the 
rear  wheels  by  means  of  pinions  which  engage  with  protected  gear 
rings  rigid  with  the  wheels.  The  outer  periphery  of  these  gear  rings 
forms  the  brake  drums,  on  which  work  hand-operated  compensated 
band  brakes.  Additional  brakes  acting  on  the  motor  shafts  are  under 
the  control  of  a  pedal  immediately  under  the  driver's  seat,  the  first 
movement  of  which  cuts  off  the  current,  while  further  depressing  it 
applies  the  brakes. 

The  5i-h.p.  twin-cylinder  Daimler  petrol  motor  is  set  longitudin- 
ally in  front  under  a  bonnet,  as  in  most  petrol  cars  ;  ignition  is  high 
tension  electric,  and  the  governor  is  ordinary.  It  is  controlled  by  two 
handles  mounted  one  each  side  of  the  raked  steering  pillar  immediately 
below  the  steering  wheel,  one  of  these  hand  levers  advancing  or 
retarding  the  spark,  and  the  other  acting  as  accelerator  by  operating 
upon  the  governor  spring.  The  petrol  motor  shaft  lies  longitudinally, 
and  is  coupled  to  a  four-pole  5-h.p.  dynamo  fixed  in  the  position 
usually  occupied  by  the  change-speed  gear.  The  coupling  is  made  by 
bolting  the  male  member  of  the  old  clutch  to  the  female  portion  so  as 
to  form  a  flexible  coupling  betAveen  the  dynamo  and  the  petrol  motor. 
D}Tiamo,  electric  motors,  and  batteries  are,  as  in  the  Fischer  omnibus, 
all  in  parallel  with  one  another,  the  battery  thus  acting  as  a  flywheel, 
and  taking  up  energy  from  the  dynamo  when  the  load  on  the  car  is 
small,  and  assisting  the  dynamo  to  drive  the  motors  when  the  load 
on  the  car  increases.  Ordinarily,  when  running  on  the  flat,  the 
output  of  petrol  motor  and  dynamo  is  greater  than  the  amount  of 
current  required  by  the  motors  to  drive  the  car,  and  the  batteries 
consequently  receive  a  charge.  Going  up  hill,  however,  as  the  load 
increases,  the  battery  supplies  current  to  the  motors,  and  as  these 
latter  are  capable  of  withstanding  an  overload  of  upwards  of  100  per 
cent,  for  a  moderate  period,  more  than  12-h.p.  is  under  such  circum- 
stances available,  the  motors  being   rated  at  3-h.p.  each.     As   the 
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weight  of  the  vehicle  is  considerably  less  than  that  of  an  ordinary 
electric  car  of  the  same  size,  its  hill-climbing  powers  are  highly 
satisfactory.  The  batteries  are  capable  of  running  the  car  without 
the  assistance  of  the  petrol  motor  some  32  knL  (20  miles)  on  the  level. 
To  re-start  the  engine  and  d}mamo  does  not  involve  manual  effort. 
A  small  starting  resistance  with  a  number  of  contacts  is  mounted  on 
the  dashboard,  the  dynamo  is  switched  on  to  the  cells,  the  resistance 
being  in  its  armature  circuit,  and  it  then  starts  as  an  electric  motor. 
As  its  speed  increases,  and  the  petrol  motor  takes  its  explosions,  the 


\ 
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Fig.  776. — Diagram  of  Hild^  Pbtbol-Electric  Car, 


resistance  is   cut  out   gradually,  and  the  dynamo   then  acts  as  a 
generator  and  supplies  current  to  the  battery  and  motor  circuit 

The  methods  of  controlling  the  motors  are  identical  with  those 
employed  in  the  City  and  Suburban  electric  broughams ;  a  horizontal 
cylindrical  controller  mounted  under  the  driver's  seat  is  operateii  by 
a  side  lever  projecting  upwards  through  the  woodwork  of  the  seat 
between  the  cushions.  A  main  switch  plug  is  also  provided  on  the 
top  of  the  seat,  the  removal  of  which  renders  the  starting  of  the  car 
impossible.  The  steering  differs,  however,  by  the  substitution  of  an 
inclined  steering  pillar  and  wheel  for  the  tiller  usual  on  the  electric 
broughams.  The  different  positions  of  the  controller  group  the  motors 
so  as  to  give  three  speeds,  while  reversing  is  effected  in  the  usual  way 
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by  a  change-over  switch.  This  car  is  stat 
practically  a  non-stop  run  of  128  km.  (8( 
to  be  built  on  the  same  principle  will  ha 
petrol  motors  and  corresponding  djuamc 

The    Milde  petrol-electric    four-seatec 
not  exceed    that    of   an    ordinary  elccti 
daily  10-hour  journey  of   250  km.   (40* 
de    Dion-Bouton  6   or    9-h.p.   petrol    m( 
driver's  seat,  and  drives  a  dynamo  givi 
100  volts ;    petrol   motor    and    dynamo 
(330  lb.).       A  battery  oi  accumulators, 
weighs  450  kg.   (990  lb.),  and  there  is  i 
suspended  from  the  rear  axle    and    dri^ 
rings  secured  to  the    rear  wheels    by  n 
extended  motor  shaft.     Part  of  the  dyne 
to  the  motor,  and  the  surplus  or  remain< 
which  come  into  use  when  ascending  h 
motor  is  stopped  for  short  distances   thi 
direction  are  governed  by  a  controller  as 
The  battery  is  of  107  ampere  hour  capaci 
rate. 

The  scheme  of  the  Mild^  petrol-electric 
the    diagram,   Fig.    776,  in   which  A  indi 
B  the  petrol  motor  and  dynamo,  C  the  el 
D  driving  the  toothed  ring  E  on  the  rear 
operated   by  handle  G  under  the  hand  s 
ammeter  and  voltmeter,  K  the  handle  gc 
of  the  explosive  mixture,   L  the  ignition 
tank  containing  the  motor  cooling  water,  > 
radiator,  P  the  exhaust  silencer,  and  Q  the 
on  the  rear  wheels  through  rods  S. 

An  alcohol-electric  car,  run  by  Krieger 
trials,  1902,  weighed  complete  1,320  kg.  ( 
Krieger  motors  on  the  front  wheels,  its  1 
Phoenix  cells,  weighing  400  kg.  (882  lb.).  A 
motor  was  coupled  to  a  four-pole  shunt 
continuously  charge  the  cells,  and  to  supp 
propel  the  vehicle  at  15  km.  (9*32  miles)  ] 
travelling  at  that  speed  the  cells  are  not  I 
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At  any  speeds  in  excess  of  that,  or  when  climbing  hills,  the  battery 
furnishes  the  excess  current  needed. 

The  Munson  car  is  an  early  petrol-electric  vehicle,  made  by  the 
Munson  Electric  Motor  Co.,  of  La  Porte,  Indiana,  U.S.A.  Its  petrol 
motor  has  two  cylinders  and  equilibrated  cranks  directly  driving 
a  dynamo,  whose  ring  armature  is  of  large  diameter,  so  as  to  act  as  a 
fly  wheel  for  the  petrol  motor.  The  armature  has  a  double  wbiding 
and  a  disc  collector.  The  field  magnets  have  six  poles  excited  by 
a  single  tine  wire  coil,  and  are  electrically  divided  into  two  parts 
respectively  connected  to  each  of  the  two  batteries  of  accumulators, 
so  that  the  coupling  of  these  two .  batteries  does  not  alter  the 
excitation  of  the  dynamo ;  this  is  in  a  closed  gear  case.  By  aid 
of  the  controller  the  batteries  can  be  connected  in  series  or  shimt, 
this  giving  the  motor  two  speeds.  A  mechanical  change  of  speed 
in  the  ratio  of  1  to  4  gives  a  total  of  four  speeds.  Hospital  ier 
remarks  that  for  two  of  these  speeds  the  petrol  motor  turns  at  only 
half  speed,  and  consequently  at  half  power,  and  that  in  such 
circumstances  its  employment  must  be  unsatisfactory.  Reverse 
motion  is  given  by  a  special  position  of  the  coupler. 
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MOTOR       B I C  Y  0  L 

ATTEMi^rs    to   drive    bicycles   by  petrol   i 
frames  have  numbered  legion,  and  at  th(       i 
considerably  more  than  a  hundred  types 
market ;   but  yet  this  vehicle   is  still  in 
stage,  and  a  great  deal  remains  to  be  doi 
will  even  approach   perfection.      However, 
backs,  many  of  the  machines  are  quite  s€ 
really  hard  work. 

The  advantages  of  the  motor  bicycle  ove     I 
can  be  chosen  more  easily,  as  only  a  single      i 
is   more  perfect,  and   the   machine  is  so      i 
taken  in  and   out  of  traffic  and   to  be  r    ; 
inaccessible  to  the  car  or  even  voiturette.        i 
and  the  one  which  designers  are  endeavo 
liability  to  skid  on  greasy  roads,  but  impro    i 
better  distribution  of  weight  are  doing  muc 
also  it  must  not  be  forgotten  that  much  o 
slipping  attributed   to   bad   construction   ai 
riding,  and  it  is  necessary,  if  these  incidents  i 
the  rider  keep  a  finn  grip   of   the  handl 
perfectly.     It  is  difficult  to  design  a  motor  bi( 
and  limited  space  available  for  the  distribu  i 
and  the  difficulty  is  increased  by  the  necesi  i 
motor  relatively  to  the  driving  wheel.    That  t 
real  is  shown  by  the  indecision  amongst  m  i 
correct  position  of  the  motor,  which  until  last 
in  every  possible  way,  whilst  the  drive  was  1 
friction  devices,  or  toothed  gear,  and  the  t 
front  wheel,  back  wheel,  or  a  crank  pin.     At 
attempt  to  standardise  practice. 

As  regards  history,  a  motor  bicycle  was  c 
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in  1885.  but  it  was  not  until  nine  or  ten  years  later  that  auy 
development  of  this  application  of  motor  driving  occurred.  The 
Wolfiimller  motor  bicycle  (Fig.  777)  appeared  in  1804,  but  it  wa-s 
hardly  a.  practicable  machine.  It  had  two  parallel  motor  cylinders, 
and  the  bicycle  framework  had  four  horizontal  inter-connccte*l 
tubes  and  four  inclined  tubes,  similarly  arranged.  The  rear  wheel 
was  soli{I,  and  had  a  pneumatic  tyre,  and  acted  as  the  motor  fly- 
wheel. Motion  was  transmitted  by  rods  from  the  two  tnmk  pistons, 
reciprocating  in  unison  with  each  other,  to  cranks  on  the  rear 
axle,  ball  bearings  at  both  ends  rendering  it  possible  for  the  rods 


Fig.  777.  —Wolf  MULLBH  Motok  Bicycle. 

to  move  in  the  oblique  direction  necessitated  by  the  relative  positions 
of  the  motor  cylinders  and  rear  axle  crank  pins. 

The  modem  bicycle  motor  has  a  power  in  the  neighbourhood  of 
2-h,p.,  is  air  cooled  with  a  few  exceptions,  has  one  cylinder  except  in 
two  or  three  cases  where  two  cylinders  are  made  to  fomi  an  angle 
of  30°  or  40"  with  each  other,  and  its  position  has  been  so  far 
settled  that  in  the  majority  of  machines  it  is  now  within  the  frame, 
on  or  under  the  lower  frame  tube,  or  made  into  the  frame  at  the 
bottom  bracket,  or  at  any  rate  so  mounted  that  it  serves  to  stitien 
the  frame.  Exceptions  are  the  mounting  of  the  motor  behind  the 
seat  pillar  tube,  or  in  one  of  the  wheels,  as  in  the  Singer  and  one 
or  two  French  makes.  When  the  motor  is  bolted  or  clipped  to  f»nc 
tube  only,  it  imposes  twisting  strains  on  the  tubes,  and  tends  to 
weaken  the  whole  frame;  but  it  is  fair  to  state  that  this  practice 
has  given  satisfaction  so  far.     The  use  of  Bowdcn  wires  for  operating 
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the  various  parts  is  eflFecting  an  improved  appearance.  Both  pipes 
and  wires  are  being  made  shorter  and  more  direct,  and  as  far  as 
possible  they  are  hidden,  but  without  making  the  frame  tubes  serve 
as  their  casings.  Exhaust  valve  lifters  are  superseding  compression 
relief  cocks,  and  by  interconnecting  the  various  regulating  devices 
(particularly  exhaust  lifter  and  ignition  cut-off'  switch)  many  can 
be  operated  by  a  single  lever.  For  ignition,  the  trembler  is  being 
superseded  by  the  single  make  and  break  contact  whose  commutator 
coil  frequently  has  its  own  trembler  attached  to  it.  There  is  a 
movement  to  employ  mechanically  operated  inlet  valves ;  and  the 
Minerva  motor  (p.  280)  and  the  Weller  motor  have  this  feature. 
Lubrication  has  become  more  reliable;  oil  force-pumps  are  perhaps 
more  usual,  but  an  alternative  is  a  special  form  of  sight-feed  lubri- 
cator. Float-feed  spray  carburetters  are  used  chiefly,  the  transition 
from  surface  carburetters  being  comparatively  recent.  On  the  motor 
inlet  pipe  is  a  throttle  valve  regulating  the  quantity  of  mixture 
supplied;  and  in  very  many  cases  this  is  the  only  method  of 
regulation,  the  retarding  of  ignition  becoming  automatic  with  the 
lower  compression  in  the  cylinder.  The  method  of  driving  in  the 
majority  of  cases  is  by  belt  from  the  motor  pulley  to  a  pulley 
secured  to  the  rims  of  the  back  wheel.  Chains  are  not  considered 
sufficiently  flexible,  although  some  makers  have  used  them  with 
success,  but  )iave  had  to  employ  spring  devices  to  avoid  the  risk  ot 
the  chain  snapping. 

Motor  bicycle  frames  have  become  more  substantial,  and  in  many 
cases  additional  cross  tubes  increase  the  rigidity.  Great  strain  is 
imposed  on  the  steering  heads,  particularly  near  the  crown  of  the 
front  forks,  and  so  these  parts  are  being  made  much  stronger; 
the  greater  the  weight  of  the  cycle  and  the  make  of  the  forks,  the 
stronger  must  be  the  head.  Cycles  for  heavy  riders  should  have 
additional  stays  between  the  bottoms  of  the  forks  and  the  top  of  the 
head.  The  practice  of  having  the  bottom  of  the  frame  in  front  of  the 
motor  formed  of  a  curved  tube  terminating  in  a  right  angle  bracket, 
from  which  a  single  straight  tube  also  passes,  is  believed  to  be  a  violation 
of  the  principles  of  cycle  design.  Again,  rear  forks  have  often  to  be 
bent  into  four  right  angles  to  effect  a  clearance  from  the  belt,  and 
this  is  a  point  of  weakness.  The  tread — the  overall  width  of  the 
bottom  bracket  axle — varies  considerably,  and  the  greater  its  width 
the  greater  the  strains  imposed  on  the  bottom  bracket  when 
w  w 
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pedalling,  and  suitable  provision  for  this  should  be  made ;  there  is 
perhaps,  a  tendency  to  construct  tliat  portion  supporting  the  bottom 
bracket  of  too  shght  material ;  apart  from  the  aspect  of  strength, 
the  narrower  the  tread  the  easier  pedalling  becomes,  but  when  the 
pedals  are  used  as  foot  rests  merely  the  wider  tread  gives  more 
comfort. 

The   new   Werner   bicycle  (Fig.  778)  is  the   tirst    example    ot 


Fig.  778.— Wbr-vir  Motor  Bicycle,  Fig.  779.— Bot*i.  Esfihld  Mm 


Fig.  7S0. — BitADBVBT  Motor  Bictcle. 

bicycles  with  the  motor  forwards  of  the  bottom  bracket:  it  has  its 
bottom  bracket  in  a  new  position,  and  the  motor  forms  a  part  of 
the  frame.  There  is  a  belt  drive  to  the  back  wheel.  The  carburetter 
is  of  the  spray  type.  The  Minerva  has  the  motor  with  mechanically 
operated  inlet  valves,  described  on  p.  280 ;  it  is  clipped  to  the  lower 
frame  tube  well  down,  its  crank  ease  being  mostly  below  the  bottom 
bracket     There  is  the  usual  belt  drive. 

The  Royal  Enfield  (Fig.  779)  has  a  water-cooled  motor,  and  u 
single  chain  transmits  power  from  the  motor  sprocket  and  bottom- 
bracket,  foot-propelled  sprocket  to  the  back  wheel  The  motor 
sprocket  is  on  a  shaft  driven  by  spur  gearing  from  the  crank-shaft 
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ftt  lower  speed.  The  lower  fiAine  tube  for 
motor,  which  is  secured  by  six  bolts.  1 
internal  spring  devised  to  give  the  nece 
is  a  free-wheel  clutch  between  the  botto 
sprocket  mounted  upon  it.  A  further  fn 
wheel  hub  gives  a  free  engine  when  req 
shown  at  A  ;  the  water  from  the  motor 
aluminium  tubular  coil  radiator  B. 


Fig.  784.— QvAinu-TT  Motor  Bicycle.  Fig.  7 

The  Bradbury  is  in  three  designs,  the  ; 
by  Fig.  780,  The  crank  chamber  of  the 
combined  with  the  bottom  bracket  casti 
straight.  Another  design  has  an  inclined  i 
side  of  the  lower  front  tube,  and  the  belt  d 
standard  model;  a  detachable  back  seat 
model  (Fig.  781)  has  a  light  Clement-Garr 
shown.  The  motor  chain  drives  a  sprocket 
fixpd  to  A,  chain  drives  the  back  wheel. 

The  Clement-Garrard  (Fig  782)  has  a 
\v  w  2 
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a  jockey  pulley  being  introduced  into  the  belt  drive.  The  same 
arrangement  of  parts  is  kept  when  a  twin  cylinder  motor  is  employed ; 
the  two  cylinders  form  an  angle  of  about  30'-  with  each  other.  A  third 
model  resembles  one  type  of  Bradburj-  bicycle  (Fig.  781),  a  two- 
speed  gear  being  introduced  at  A.  The  Fabrique  National  (F.  X.) 
carries  the  motor  centrally  inside  a  hoop  formed  in  the  front  tube 
{see  Fig.  783).    To  reduce  ihe  width,  the  exhaust  valve  is  in  front 


Fig.  78B. — Altbxa  Motob  Bicycle.        Fig.  787.— Koval  SovesBiON  Moroa  Bic 


Fig.  788. — OttiENr  Motok  Bicicle.  Fig.  7S9.— Osmond  Motor  BicvrLE. 

instead  of  at  the  side  of  the  motor.  In  the  Humber  bicycle,  the 
motor  forms  part  of  the  lower  front  tube,  as  described  on  p.  282, 
The  Quadrant  (Fig.  784)  carries  the  motor  in  a  looped  frame  in  front 
of  the  bottoni  bracket,  and  there  is  a  belt  drive.  A  single  lever 
works  the  main  switch,  lifts  the  exhaust  valve,  regulates  the  mixture, 
and  times  the  ignition.  Other  machines  with  looped  frames  are 
the  Canada,  Clarendon,  Clyde,  New  Century,  Kerrj-,  and  Calvert 

The  Morris  (Fig.  7S.5)  frame  is  given  a  peculiar  shape  to  accom- 
modate the  motor;  the  Lincona  belt  is  prevented  from  slipping  by 
special  grip  pulleys.    The  Altena  (Fig.  786)  has  an  X-frame ;  the 
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magneto  ignitioa  allows  of  great  simplicity.  The  2-h.p.  vertical 
motor  is  governed  entirely  by  twisting  the  hundles.  The  Royal 
Sovereign  (Fig.  787)  has  an  additional  bearing  for  the  motor  crank- 
shaft outside  the  driving  pulley.  The  carburetter  ia  of  the  sur- 
face type.  The  Orient  (Fig.  788)  has  a  large  motor  well  forward, 
and  the  flat  leather  belt  nins  over  a  jockey  pulley.  The  Osmond 
belt-driven  bicycle  (Fig.  789)  has  a  small  motor,  also  well  forward ; 


— BiCHRONE    MOTOE    BtCVCLH.  Fig.    791.— DavIBOS    MoTOD    BlCfCLE. 


Fig.  792.— Jebmonu  SIotok  BicycLi.  Fig.  793.— Welleb  MoTuk  Bicvclk. 

this  is  one  of  those  machines  in  which  the  motor  is  but  an  auxiliary 
moans  of  propulsion.  The  two -speed  chain-driven  machine  is 
practically  identical  with  one  type  of  Clement-Garrard  and  Brad- 
burj'  machine  (Fig.  781). 

The  Bichrone  two-stroke-cycle  motor  is  fitted  into  the  angle 
made  by  the  lower  frame  tube  with  the  seat  tube  above  the  bottom 
bracket  (we  Fig,  790).  In  this  motor  the  explosive  mixture  enters 
from  the  carburetter  at  A,  is  compressed  in  pump  B,  and  forced 
through  C  to  the  motor  cylinder  D.  There  is  a  belt  drive  to 
the  rear  wheel  over  the  jockey  pulley  E.  The  exhaust  pipe,  but 
not  the  silencer,  is  shown. 
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In  the  Davison  (Fig.  791)  the  frame  is  of  peeiiUar  shape,  and  the 
motor  is  clipped  to  an  extension  of  the  seat  pillar  tube  and  to  the 
slanting  tube  above  it.  The  bottom  bracket  is  a  malleable  casting 
which  slips  over  the  tube  passing  from  the  motor  to  the  lower  back 
forks.  The  spray  carburetter  is  actually  a  mixing  valve.  Gauge 
glasses  are  fittoti  to  both  petrol  and  lubricating  oil  tanks.  The 
Jesmond  (Fig.  7!t2)  has  a  vertical  motor  whose  head  is  water-cooled, 


Fig.  "95.— Bat  Motor  BicrcLE. 


the  cylinder  walls  having  the  usual  radiating  ribs,  The  radiator 
is  in  front  of  the  head,  and  water  circulation  is  natural.  The  frame 
is  of  peculiar  shape.  In  the  Royal  (American)  the  seat  pillar  tube 
branches  into  four  thin  tubes,  which  are  again  connected  together 
beneath  the  motor,  being  received  in  sockets  in  the  bottom  bracket 
casting.  A  mixing  valve  replaces  the  ordinarj-  carburetter.  The 
Wellcr  (Fig.  793)  has  a  looped  frame  and  the  motor  is  low  down. 
Inlet  valves  are  operated  Tuechanically.  In  the  Cr}"ptn  (Fig.  794) 
the  lower  frame  tube  is  connected  by  the  motor  crank  chamber  to 
the  bottom  bracket.     The  Bat  bicycle  (Fig.  795)  has  no  pedals,  bnt 
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toot  rests  are  fixed  to  the  frame  betwe 
wheel.  The  position  of  the  motor  and 
of  the  frame  are  clearly  illustrated,  j 
the  saddle,  which  is  kept  in  it«  normal 
with  the  object  of  absorbing  vibration 
In  the  Rex  bicycle,  the  motor  is  in  the  i 
but  the  frame  is  shaped  to  embrace  the 


Fig.  lOS,— Celebifbdb  Motob  Bicvclb.  Fig. 


/ 


Fig.  800.— Hamilton  Motor  Bictcle.  Fig. 

belt  drive.  In  the  Ganiage  the  motor  k 
the  Diamond  frame;  the  seat  pillar  tul>c 
the  rear  fork  are  fixed  to  it.  The  carbi 
inlet  valve ;  such  a  device  is  the  Carlt 
Robinson  and  Price  (Fig.  70())  has  the  i 
the  bottom  bracket  formed  of  one  castin; 
the  motor  is  supported  above  the  back  k 
the  seat  pillar  tulw.  There  is  a  chain  dr 
ring  on  the  hack  wheel,  a  spring  device 
flexibility.  The  Celeripede  (Fig.  798)  haj 
the  seat  pillar  tube     The  front  forks  ar 
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wheel  spindle  by  links  held  approximately  horizontal  by  a  com- 
pression spring  between  the  crown  of  the  forks  and  two  trussed 
levers,  which  connect  the  two  links  together  and  cause  the  spring 
to  act  equally  on  both.  The  Onoonde  (Fig.  799)  has  the  motor 
behind  the  seat  pillar  tube  and  there  is  a  belt  drive.  In  the 
Hamilton  (Fig,  800),  the  motor,  nearly  vertical,  is  fitted  into  the 
back  lower  fork,  between  seat  pillar  tube  and  rear  wheeeL  The 
Mersey  has  a  vertical  water-cooled  motor  whose  steel  crank  chamber 
is  carried  in  a  U-shaped  cradle  formed  just  behind  the  bottom 
bracket.  The  water-jacket  forms  a  spiral.  A  friction  clutch  between 
motor  and  rear  wheels  allows  of  a  free  engine.     Gearing  on  the  motor 


Fig.  803.— SiNoin  Motuh  Bictclb. 

drives  at  reduced  speed  a  small  sprocket  which  chain- drives  a  large 
sprocket  on  the  back  wheel. 

The  old  Werner  style  of  having  the  motor  in  front  of  the  steering 
head  over  the  front  wheel  has  now  almost  entirely  disappeared.  The 
(Juand-Menie  and  Ixion  bicycles  have  two-stroke  cycle  motors 
mounted  in  front  of  the  steering  heads,  and  a  smooth  friction  roller 
(the  l.\ion  is  rubber  covered)  is  in  driving  contact  with  the  tyre  of 
the  front  wheel.     The  motor  can  be  raised  or  lowered  at  wiU. 

The  Princeps  (Fig.  801)  is  an  example  of  how  a  two-cylinder 
motor  may  be  placed.  The  drive  is  either  by  chain  or  belt.  Other 
makes  of  machines  with  similar  motors  have  them  well  forward  on 
the  lower  frame  tube. 

The  Singer  machine  (Fig.  802)  is  of  the  "  motor  wheel "  type,  the 
motor  being  entirely  within  the  rear  wheel.     Aluminium  i.*;  lai^ly 
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used  to  give  lightness  in  the  construction  of  both  wheel  and  motor. 
The  Singer  motor  wheel  which  is  employed  on  the  bicycle  just 
mentioned  and  on  the  tricycle  mentioned  in  Chapter  XVIII.  (see 


Fig.  803. — SiNQBR  B:cvcLE  AEotok,  Cahbukbttbb,  etc. 

p.  o76),  is  illustrated  in  detail  by  FitJ.  803  ;  and  the  following  explana- 
tion of  the  letter  references  will  make  the  construction  clear  :  A 
is  the  carburetter,  B  its  tilling  plug,  and  C  its  emptying  tap ;  D  is 
the  adjustable  atmospheric  lever,  E  crank  case,  F  its  lubricating 
plug,  and  G  its  emptying  plug ;  H  is  a  cap  covering  axle 
end;    I,  cylinder;   J,  exhftust  box  or  silencer;    K,  valve   chamber; 
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L,  ignition  plug ;  M,  detachable  dome  over  valve  chamber ;  N, 
detachable  inlet  valve  and  seating :  O,  union  containing  separator 
between  supply  pipe  and  dome ;  P,  supply  pipe ;  Q,  union  between 
supply  pipe  and  carburetter ;  R,  magneto  machine  for  ignition ; 
S,  magneto  lever;  T,  raf^eto  terminal;  U,  t«nninal  on  brass 
interrupter  guide ;  V,  insulated  wire  connection ;  W,  interrupter 
stalk  and  coil  spring;  Y,  screw  for  holding  interrupter  to  vertical 
insulated  block ;  Z,  internally  toothed  wheel ;  a,  exhaust  valve 
spring;  h,  exhaust  valve  lifter;  c,  cup,  with  cotter  below,  holding 
exhaust  valve  spring  ;  d,  trunnion  ;  e,  cam  working  m£^tneto  mnchine 


Fig.  804.— EoLDEN  Motor  BmcLB. 

and  interrupter  gear ;  /,  adjustable  connecting  rod  between  cam 
and  magneto  machine;  »/,  exhaust  cam  bos,  containing  bush  and 
part  of  cranked  exhaust  cam  plunger  h  ;  i,  insulation ;  j,  vertical 
insulated  block  :  I.;  interrupter  footpiece  with  roller  at  end  engaging 
cam  e;  I,  detachable  bracket  and  guide  for  interrupter  gear:  n,, 
supply  valve  cover;  n,  lever  to  regulate  supply  valve;  o,  connecting 
rod  between  supply  valve  and  double  action  lever  p ;  5,  external 
lever  connected  by  rods  to  the  handle-bar ;  x.  collar  for  adjusting 
interrupter. 

The  yinger  chain-driven  machine  has  the  motor  in  the  same 
position,  but  the  sprocket  on  the  right  end  of  the  motor  shaft  chain- 
drives  a  sprocket  at  the  bottom  bracket.  A  hollow  shaft  or  spindlt- 
runs  through  the  liracket,  and  on  its  other  end  is  a  chain  wheel  which 
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drives  the  rear  road  wheel,  on  which  is  a  special  spring  buflFer  chain 
wheel  and  a  free-wheel  clutch.  To  one  form  of  Singer  machine  with 
motor  wheel  in  front  an  extra  saddle  can  be  fitted  at  the  rear,  it 
being  supported  by  additional  forks  and  ties;  stationary  foot  rests 
for  the  passenger  are  clipped  to  the  horizontal  forks. 

The  Holden  bicycle  (Fig.  804)  is  the  only  remaining  one  of  the 
vast  number  of  motor  bicvcle  arrano^ements  not  vet  mentioned  that 
calls  for  special  remark.  The  Holden  bicycle  shows  great  originality  of 
design,  the  four-cylinder  motor  driving  the  rear  wheel  direct,  and  being 
water-cooled.  The  front  wheel  is  of  the  Crypto  geared  type,  and  the 
rear  wheel  is  smaller  than  usual.  The  motor  fonns  a  part  of  the 
frame,  and  is  placed  very  low,  and  on  each  side  of  it  is  a  foot  rest, 
the  pedals  on  the  front  wheel  being  for  occasional  use  only  ;  indeed, 
it  is  probable  that  these  pedals  will  not  be  used  on  future  models. 
The  Holden  machine  is  novel,  and  is  said  to  have  given  very 
satisfactory  results.  Its  electric  ignition  system  is  referred  to  on 
p.  183. 
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CHAPTER  XXII. 

TABLES    GIVING    RESULTS  OF    AUTOMOBILE    TRIALS,  EFFICIENCY  TESTS, 

AND   RACES. 

Perhaps  the  most  satisfactory  way  of  presenting  a  comprehensive 
yet  succinct  record  of  what  the  automobile  already  has  accomplished 
on  common  roads,  is  to  tabulate  briefly  the  results  of  the  various 
trials  and  races  that  have  been  held  under  the  auspices  of  such 
influential  bodies  as  the  automobile  clubs  of  France  and  England, 
the  Liverpool  Self-propelled  Traffic  Association,  and  other  approved 
authorities.  The  data  for  the  tables  which  constitute  this  chapter 
are  taken  from  various  sources,  most  of  them  official,  and  special 
acknowledgment  must  be  made  of  the  help  afforded  by  the  columns  of 
the  Autcmxotor  Journal  in  this  direction.  The  events  here  recorded 
range  over  a  period  of  very  nearly  ten  years,  between  July,  1894,  and 
September  1903,  and  include  the  following  races  : — Paris- Amsterdam, 
1898  ;  Paris-Berlin,  1901 ;  Paris-Bordeaux,  1895, 1899,  and  1901 ;  Paris- 
Dieppe,  1897;  Paris-Madrid,  1903;  Paris-Marseilles,  1896;  Pans- 
Rouen,  1894;  Paris- Vienna,  1908;  Gordon-Bennett,  1903;  and  Xice- 
Castellane,  1899;  the  following  trials  held  in  Great  Britain: — 
Richmond,  1899 ;  Liverpool,  1898,  1899,  and  1901 ;  Cromer,  1902  *, 
Dashwood  Hill,  1902 ;  A.  C.  G.  B.  Reliability  Trials,  1900  to  1903 :  Tyre 
trials,  1902 ;  the  following  French  events : — Town  and  Suburban  Vehicle 
trials,  1898,  1899,  and  1902;  Suresnes-Corbeil  consumption  Trials 
1902,  and  1903;  Tour  de  France,  1899;  Versailles  Heavj^  Vehicle 
trials,  1897  and  1898;  alcohol  consumption  trials,  1901  and  1902; 
a  number  of  Circuits,  1902 ;  consumption  trials,  1902 ;  and  the 
Chateau-Thierry  and  Gaillon  hill  climbs,  1902  ;  one  German  event, 
the  Leipzig-Eisenach  consumption  trials,  1902;  and  a  number  of 
American  brake  tests,  hill  climbs,  trials,  and  non-stop  runs,  1895-1902, 
The  tables  are  arranged  in  chronological  order  as  far  as  con- 
siderations of  space  allow,  and  the  index,  which  begins  on  p.  812 
will  be  found  a  ready  means  of  disclosing  the  whereabouts  of  any  par- 
ticular table  should  the  reader  fail  to  find  it  by  means  of  the 
above  arrangement. 
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THE   AUTOMOBILE. 


RACE:    PARIS— DIEPPE   (about    170km.),    24    JULY,    1897 


Constructor  of  Vehicle. 

PeniouB 
Carried. 

TyiKj  of  Alotor. 

L.  Bollee 
De  Dion-Bouton 
Panhard  and  Levassor   | 

1 
4 

2 
2 

I 
1 
1 

L.  Bollee  Petrol 

De  Dion-Bouton  Steam 

Daimler  Petrol 

L.  Bolide 
•e  Dion-Bouton  (Tricycle) 

L.  Bolide  Petrol 
De  Dion-Bouton  Petrol 

>» 

1 

A.  hoVLee 

Panhard  and  Levassor   ! 

Peugeot 

Delahaye 

L.  Bollce 

Mora 

Delahaye 

Peugeot 

1 
2 
2 
2 
6 
1 
2 
6 
6 

A.  BoUee 
Daimler  Petrol 
Peugeot 
Delahave 
L.  Bolfee 

Mors 
Delahaye 
Peugeot 

Honie-        Time. 
Power.       n.    m. 


Average  Speed 

in  kiu.  per 
hottr(apprQX.). 


3 
6 
6 
6 
3 

!t 

6 
6 
6 
3 
6 
6 
6 


4 
4 
4 

4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
6 


14 
19 
36 
38 
42 
45 
45 
5 

17 
19 

28 
41 
44 
46 
58 
27 


40-4 

39-6 

37-2 

36-8 

36-4 

35-7 

35-7 

32-8 

32-3 

31-9 

31-4 

30 

29-8 

29*6 

28-6 

26-5 


RACE:    PARIS-AMSTERDAM  AND  BACK  (about  1520  km.), 

7  JULY,   1898. 


Constructor  of  Vehicle. 

Persons 
Carried. 

1 

1            Type  of  Motor. 

1 

Horse 
Power. 

Time. 

H.         M. 

<  Average  Speed 
in  km.  i>er  nom 
(appn»x.). 

1 

Panhard  and  Levassor 

2 

Daimler  Petrol 

8 

33 

4 

44-7 

1, 

2 

»» 

8 

33 

25 

42-9 

A.  BoUee 

2 

A.  BoUee 

'       8 

34 

8 

42 

Panhard  and  Levassor 

2 

Daimler  Petrol 

8 

34 

58 

411 

A.  Bolide 

2 

A.  Bollee 

8 

35 

19 

40-6 

Panhard  and  Levassor 

2 

Daimler  Petrol 

,       8 

35 

45 

40 

Peugeot 

2 

Peugeot 

8       ' 

36 

20 

39-4 

i« 

2 

»» 

8 

38 

26 

37-3 

Mors 

2 

"Mors 

6 

38 

41 

371 

Peugeot 

2 

Peugeot 

6 

39 

30 

36-3 

Mors 

2 

Mors 

6       1 

43 

58 

32-8 

G.  Richard 

2 

G.  Richard 

4 

57 

27 

25 

Motor  Cyelet. 

Phcjebus 

De  Dion-Bouton 

1^ 

S9 

36 

36-3 

De  Dion-Bouton 

»» 

l| 

41 

20 

34-7 

Decauville 

Decauville 

24     ' 

50 

14 

28-6 

Do  Dion-Bouton 

De  Dion-Bouton 

IJ     1 

52 

42 

27-2 

L.  BoUee 

m 

L.  BoU6e 

4 

54 

3 

26-7 

De  Dion-Bouton 

De  Dion-Bouton 

1|     1 

54 

19 

26-5 

>> 

M 

'* 

68 

51 

24-5 

TABLES  GIVIXG  RESULTS  OF  AUTC 


HACKNEY   VEHICLE   TRIALS:    PAR 


I 

o 

(jncliuliii 

• 

ft 

O 

o 

1 

1 

torage 

• 

ful  1.0  ui 
Driver.) 

1  t;  I, 

o 

o  r» 

3D  ^ 

»rf 

Vehicle. 

Carrie 
Drive 

% 

Baltc 

lit    Of 

Batte 

:-)3  , 

o-r 

1 

n 

6 

^ 

.2? 

■*»S 

;  a 

• 

« 

S 

") 

c? 

.^o 

1 

a 

1 

1 

1 

kp. 

kg. 

\ 

1898 

Krieger  Coupe 

'     5 

3-4 

44R/17 

457 

400 

n 

1899 

It 

3 

— 

1  44M/17 

484 

280 

16 

1898 

Jcantaud  Cab 

!     3 

3-1 

.  44b/1o 

404 

140 

14 

1899 

)  * 

1     3 

— 

44H/15 

449 

140 

16 

1898 

Jenatzy  Coupe 

,     3 

4 

44H/21 

565 

140 

18 

1899 

»f 

i     ' 

— 

j  44B/17 

484 

140 

19^ 

Peugeot  Coupe 

4  ' 

6 

210 

121 

HEAVY   VEHICLE   TRIALS:    LIVERPO 


u 

5   ' 


Constructors. 


{Liquid  Fuel     j 
Engineering  Co.  [ 
(Lifu).  ^        ) 
{  Steam  Carriage  \ 
3     \  and  Wagon  Co.  > 
(   (Thorny croft).  ) 

i       Lannishin*     ^ 

6     \  Steam  Motor  Co.  > 

(       (Leyland).      ) 


^  . 

CO 

•PS 

C  fi 

3 

o 


B 

•mm 

5 


S 


I      3 


5-340    2-388  t  2-2 

I 

9ool     3-85    ,4-73 
6157    2  825  '  2-53 


7'426    2-863 


4  06 


c 
eS    • 

9) 

O  f 


•834 

-832 

•7 

•37 


c 

9 

OS 
w 

ii 
3 


143-0 

107-4 
143 
95-9 


• 

•  In  1898  kerosene 

was  4d.  per 

RACE  :    NICE    CASTELLANE    AND    BAC 

Average  S 

'  Horse- 

per 

Conatnx-tor  of  Vehicle. 

power 

cf 

Thne. 

II.      M. 



Motor. 

For  wliolc 

1 

course. 

Automobihs. 

1 

Peugeot 

17 

2     53     - 

41-4 

Panhard  and  Xxivassor 

8     , 

3     19     . 

36 

Pengoot 

10     ' 

3     23     1 

35 

De  Dietrich 

'       9 

3     26 

34 

Motor  Ctfflen. 

■ 

De  Dion-Boiiton 

3 

2     59 

39 

t» 

1-75 

1 

3     28 

34 

X  X 


770 


THE    AUTOMOBILE. 


RACE:    PARIS— BORDEAUX  {565km.),  24  MAY,   1899. 


Constructur  of  Vehicle, 


T,r~.  «f  \r«f«^        1  T>5^I^^Af    Persona'       Time.  A  vr.  age  Speed 

Type  of  Motor.         Power  of    q^„j^   ,     ^^        ^       i„  km.  i>erhoar. 

'     Motor.  I  ' 


Panhard  and  Levassor 

»> 

i» 
Mors 

De  Dion-Bouton  (Tricycle) 

»» 

j» 

Phfjebus 

Mors 
Peugeot 

Mors 
A.  Bollee 


Daimler 


>» 


Mors 
Do  Dion 


>» 


»♦ 


Aster 

Mors 

Peugeot 

Mors 

A.  Bollee 


12 

12 

12 

15 
2-26 
2-25 
2-25 
1-75 

13 

10 

10 
9-5 


2 

11 

43 

1         48-1 

2 

11 

51 

47-4 

2 

12 

32 

45  05 

2 

13 

18 

42-4 

13 

23 

42  15 

13 

25 

41-9 

13 

45 

4102 

1       1 

15 

6 

37*32 

15 

20 

36-83 

2 

15 

23 

36-67 

2 

15 

51 

32o 

15 

52 

32-34 

TOUR    DE    FRANCE   (2,219    km.),    16   JULY,    1899. 


Constructor  of 
Vehicle. 


Panhurd  &  Levassor 

it 

,* 

Am6dee  Bollee 

Panhard  &  Levassor 

»f 

Mors 

»» ■ 
Decauville 


Horse- 
Power 

of 
Motor. 


16 
12 
12 
12 
10 
12 
12 
12 
12 
4 
4 


Time. 


44 

49 
49 
52 
53 
58 
75 
80 
166 
67 
75 


43 
37 
44 
34 
29 
46 
45 
14 
6 

16 
43 


Average 
S()eed  in 

km. 
per  hour. 


51-1 

45-7 

45*56 

43-1 

42-4 

32-5 

29-5 

27-8 

13-2 

33-3 

29-6 


Constructor  of 
Vehicle. 


II 

>» 

Aster 

De  Dion-Bouton 

»i 

II 


HoiTse- 

Power  I    Time, 
of      I    H.     M. 
Motor. 


Decauville 

4 

Motor  Trieyelet. 

De  Dion-Bouton 

2;: 

i> 

II 

2  ■ 
2i 

125  25 


2^ 
2^ 

•4 

2i 


50 

58 

51 

32 

53 

38 

55 

40 

56 

56 

30 

58 

49 

71 

30 

93 

44 

Average 
Speed  in 

km. 
l^er  hour. 


17-6 

44-5 

44 

42-2 

40-6 

403 

40 

38-9 

31-3 

23-7 


ACCUMULATOR  TRIAL  BY  AUTOMOBILE  CLUB  OF  FRANCE,  1899. 


Type  of 
Accumulator. 


Blot-Fulmen 

Fulmen 

Mctaux 

Pescetto 

Phu'nix 

Pollak 

Popo 

Tudor 


*5 


1 

El 
» 
o 
u 
O 

02 


-f-     -       kg.       dm». 


PI.  F. 
F.  F. 
PI.  F. 
F.  F. 
F.  F. 
F.  F. 
F.  F. 
PI.  F. 


109-8 
76-5 
104 
128 
102 

li:)-5 
110 

125-7 


58-7 

39 
47-4 
85-5 

57 

76 

87 
62-3 


six, 

=  «  4;  I 

^  £?? 

.=  t.^  .2  I 


m    I 


135 
100 

82 
141 
103 

82 
135 
141 


-35 


|8 

£  go 
•3.2 


5«-  I  5Q 


135 
100 

82 
141 
103 

82 
135 
139 


132 

98 

71 

128 

102 

76 

135 

135 


% 


B 


o 
H 


kilowatt- 
hours. 

210-85 

154-7 

136-05 

228-65 

180-9 

133-75 

220*75 

226-65 


I.  • 

«| 

En 


2 


kilowatt, 
hours. 

143-9 

101-9 

76  4 
130-6 
118-85 

79-55 
156-5 
135-85 


Per 
cent 
74 
76 
73 
60-5 
70 
65 
73 
66 


2 


Per 
cent, 

30 

55 

36-5 

48 

51 

43 

62-5 

49-0 


as 


Per 
cent, 
I3S 
66 
56 
57 
6G 
59-5 
70 
60 
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THE   AUTOMOBILE. 
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THE   AUTOMOBILE, 


AUTOMOBILE    CLUB    TRIALS, 


Vehicle. 


^ 


Ariel  Quadrioycle 

Ariel  Tricycle 

Ariel  Tricycle  with  Whippet  Attacht. 

Beoz  Ideal 


M 


»t 


Brown  Whitney  Steam  Car 

Century  Tandem 

Daimler 


it 

>? 
It 


Daimler  Parisian 
De  DioD-Bouton 


'» 


DecauviUe 


>» 


Empress  Tricycle 

Enfield  Quadricyde 

Gladiator 

International  Victoria 


>» 


Lanchester 

Locomobile  Steam 

Marshall 

?» 
Mors 

M,  C.  C.  Triumph 

»» 
M.  M.  Co.  *B  Iveagh  Phaeton 

M.  M.  Co.'s  Phaeton 

»> 
New  Orleans 

»» ^ 
Napier 

Panhard 

}) 
»» 

Pengeot 

i» 
Kichard 

Boots  &  Venables 

Simm's  Motor  Wheel 

Star 

Wolseley 


cj 


HlLL-CLIMUIMO. 

Avenge  Si>eed  in  Miles  per  hoar. 


2 


—         11 


—  —        20 


Pell, 
1. 

Fell, 
2, 

Shnp 

No. 

CO 
QO 

20-5 

6-12 

12-5 

20-5 

6-64 

llo 

4-8 

13-5 
13-6 


11  5 


16 

13-5 

14-5 


11-5 
6 

11-6 
10 


10-5 
10-6 


19 

10-5 

13 

12 

27-5 

15>6 


13 


6-37 
4-42 


4-42 

4-82 
5-68 

7-24 

7-24 
7 '58 


15-94 


4-98 
6-64 
4-42 
4 '64 


4  42 
614 

4*42 


4-8 
5-68 
5*48 
17-71 

7-97 


c 


as 
S 

c 


I         b 


11-41 
613 
8-22 
501 
6-64 
4-66 
7-67 
2-1 
7-9 
6-64 
4-66 

70-8 
6*22 
6-84 
8-92 
7*9 
5-26 

10-27 
8-92 
9-79 

613 
6-84 
17  06 
9-33 
7-67 
5 -65 
6-04 
6-84 
9-79 

6-04 
7-67 
9-33 
7-33 
6-13 
5-86 

622 
4-74 
13-69 
6-22 
79 

20-54 
9-79 
9-79 
7-67 
6-86 


6-3: 


•9 


l'6'A 
6-8 

12-6 
6 
6*6 

8-9 
10-9 
6-8 
6-6 
6-6 

4-8 

41 

i 

8*2 
10-4 
10^ 

8 
10*9 

8-2 

8-6 

12 
7'o 

4-1 

7-7 

10-9 

6-3 
7*5 
9-6 

6-3 
6-5 

7-7 

11 -o 
0-7 

86 

IC 

10 
7  •» 

it 


8 
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TUB    AUTOMOBILE. 


HEAVY 

VEHICLE  HILL-CLIMBING  TESTS: 

0) 

.a 

o 

1 

> 

#1 

■ 

tL 

t^ 

T"      • 

Number  of  Vchi< 

Light  or  Laden 

utal  Moving  Wei 

• 

B 

Lowest  Oear  Ra 
Used. 

{3  O 

cs  o 

Ck  9 

D 

T 

H 

!        S 

Al 
A2 
Bl 
CI 
D  1 
D2 
D3 
D4 
D5 


{ 

{ 
{ 
{ 
{ 


Light 
Laden 
Light 
Laden 
Light 
Laden 
(  Light 
(  Laden 
Light 
Laden 
Light 
Laden 
Light 
Laden 
Light 
Laden 
Light 
Laden 


Tuns. 
210 
3-63 
2-12 
3-65 
3-77 
8-41 
7-66 

14-02 
4-63 
8-75 
4-60 
9-46 
4-76 
9-25 
4*  7 
9-78 
4-68 

10*4 


Tons. 
1-53 
1-53 
4-76 
6-77 
3-75 
4-91 
4-76 
4-86 
5-51 


49-7 

49-7 

19-6 

21-7 

17-7 

17-2 

32 

20 

13 


Tons. 
115 

1-18 

2-25 

5-38 

2-9 

2-95 

3-19 

3  02 

2-47 


•55 

•56 
•6 
•7 
•63 
•64 
•67 
•64 
•53 


Names  of  Ck>nstructors  are  given  on  p.  774. 


HEAVY  VEHICLE  TRIALS :  LIVERPOOL,  31  JULY-2  AUGUST,  1899. 


9> 

3 

« 

> 

3 
hi 

3 
S5 


2 
3 

6 
9 


Constructors. 


O 


Steam  Carriage  j 

and  Wai;on  Co.  > 

(Thomy croft).    ) 


a 
2 


S 

H 


I* 


T.  Coulthard  &  Co. 

{Lancashire 
Steam  Motor  Co. 
(Ley  land). 
I    Clarkson  and    ) 
\  Capel  Syndicate  / 

Bay  leys 


7*465    2-996 

11-6021  S-904 

4-998    2-238 

1 

7'75S  1  2-85 


6-765 
7 '282 


2-996 


c 


OS 


3-73 

6-65 
2-32 

4-44 
3-35 


2-966  I  3-67 


*   go 


g 


s 

o 
H 


« 
% 

a»  o 

00  ft 

O  Pi 


Consumption  per 
ton-milt!  of  load. 


CtMSit  p»»r 
mile  of  It 


too- 


6> 


jtroleum  In 
gallons. 

=  >5 

— -o 

11 

c    . 

Is 

CM 



2-38    1-88 

f 

1-87 

1-33 

•121 

•91 

•27 


•216 


Cok€. 
1-84 


(3 


•41 


'22       -36 


••62       -38 


—        -64  |*l-09      -52 
1-27      -13       -60 


*  In  189S  kerosene  was  4d.  per  gallon,  but  in  1890  it  was  5d.  per  gallon. 


TABLES  GIVING  RESULTS  OF  AUl 


LIVERPOOL,  3-7  JUNE,   1901. 


speed  of  Ascent  in  miles  per  hour. 


Si)o 


1  in  18. 

Macadam 

(106  yards 

from  rest). 

1  in  9i. 

Sets 

(50  yards). 

1  in  13}. 
Macadam 
(W  yardsX 

1  in  11. 

Cobbles 

(87  yards). 

lil 

Col 

(87  J 

from 

4-31 

3-47 

3-8 

3-26 

4 

2-96 

2-16 

3-94 

3-99 

4 

4*84 

4-05 

4-2 

3-65 

6 

3-6 

2-54 

2-67 

♦  1-92 

4< 

3-14 

2-64 

4-01 

3-17 

3- 

3-01 

2-65 

2-96 

2-99 

t3- 

3-62 

3-99 

4-92 

2-81 

2- 

t3-13 

2-66 

3-22 

2-56 

4- 

3-28 

3-47 

4-25 

3-9 

3- 

2-97. 

2-37 

3-46 

3-13 

3- 

3-62 

3-78 

3-6 

•    -57 

2- 

2-82 

2-73 

3 -04 

3-14 

3- 

3-89 

3-17 

6-35 

3-68 

3-1 

2-91 

2-7 

3*38 

2-71 

3-; 

3-29 

3-96 

4*12 

3-t 

3-1 

2-29 

2-36 

3-37 

3-26 

i'i 

2-55 

3-36 

4*31 

•    -61 

4-t 

1-72 

1-79 

2*74 

♦  1-67 

3-i 

*  Wheels  skidded  and  slipped,    f  Lost  time  in  starting.    Names 


HEAVY  VEHICLE  TRIALS:    LIVER 


Vehicle. 

[/wd. 

lilea  run. 

1 

2 

z 

1 

1 

S 

Constmctors. 

1 

i 

Tons. 

a 

S 

3 

11 
1 

1 

S 
.a 

1 

1 

Al     { 

a.  F.  Milnes  &  Co. 

1-848 

663-2 

309-2 

m 

A2 

I  ancashire       ) 

1-888 

671-6 

316-2 

m 
i 

Bl 

Steam  Motor  Co.  > 

4-813 

1,443-6 

8062 

6 

! 

Cl 

Dl 

1 

(Leyland).        \ 
Thomycroft 
Steam  Wagon    > 
'              Co. 

6-331 
4-423 

2,340-2 
1,529-9 

1056 
736-9 

6 
6 

D2  i' 

r.  Coiilthard  &  O. 

4-481 

1,370-3 

666-3 

5 

D4|j 
1 

Mann  Patent    ^  i 
Steam  Cart  and  -1 
Wagon  Co.      j 

3-612 

4-469 

1 

1,410-6 
1,558-7  1 

1 

601-8 
744.5 

5 
7 

rt,  Petrol  Spirit ;  6,  Colce  at  158.  per  ton  ;  c,  W 
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THE   AUTOMOBILE. 
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THE   AUTOMOBILE, 


CONSUMPTION  TRIALS.    SURESNES-CORBEIL  AND  BACK 

(100  KM),  FEBRUARY,  1902. 


1 

Car. 

H.P. 

Density 

or 

Petrol 
at9'C. 

690 

Weight 

fully 

loaded. 

KO. 

550 

Consumo- 

tion  in  1. 

per  100  kg. 

4-89 

Consuiiip- 

tiori  in  1. 

per  ton  kg. 

•0889 

Time. 

U.     M.      S. 

(       Peugeot 

5    9     8 

A 

3 

1            »» 

5 

690 

550 

4-9 

-08909 

4  18  52 

(.    G.  Richard 

^ 

712 

510 

5-58 

•109 

5  25  14 

,      Darracq 
[    G.Richard 
)         Kom 

^ 

716 

750 

4*85 

•0646 

5  28  20 

&i 

♦ 

600 

4-985 

•0830 

5  17     2 

B 

6 

690 

733 

5-5 

•0750 

4  34  10 

^  De     Dion- Bou ton 

8 

690 

865 

6-33 

•0731 

4  56  50 

/     Gladiator 

6 

714 

760 

6-998 

•0920 

5  24  45 

^       Peugeot 

8 

700 

1,060 

8-890 

•0838 

5  58    0 

(  Chenard-Walcker 

12 

714 

1,070 

5-5 

•0514 

4  27  50 

C 

Bardon 

5 

705 

918 

6-47 

•0704 

5  67     0 

Ader 

12 

700 

1,340 

— 

— 

'    G.  Richard 

8 

680 

1,240 

10- 

•0806 

4  26  10 

D 

Dolahaye 

7i 

690 

1,240 

10*650 

•08580 

3  34  30 

v.                 tt 

12 

690 

2,060 

15130 

•0734 

4  16  18 

Gar. 


f  Gillet-Forest 
E  1      Dietrich 


Weight  in  kilogs. 


H.P. 


_  at 


Z  *    '  Loaded. 


Useful. 


Fuel  in  litres. 


4,833   1,096 
2,890   1,060 


ToUl. 


13,290 
12,900 


Per  UBe* 
tn\  ton 
kilom. 


Per  ton 
kllout. 
gross. 


•1208 
•0744 


Time  ]>  r 
CO  km. 


5     3  52 
3  51     0 


A,  Volturette«,  250  to  400  kg. ;  B,  cars  400  to  660  kg.  ;  C,  660  to  1,000  kg. ;  and  D,  more  tluui 
1,000  kg. ;  E,  Industrial  vehicles.        •  50  per  cent.  Alcohol  mixture. 

100  MILES  NON-STOP  TRIAL.    U.S.A.  AUTOMOBILE  CLUB, 

MAY    30,    1902. 


Petrol  ■ 

Fuel   Consumption 

con- 

in  gallons 

1 

mitTie<l 

fier  100  raile«. 

Petrol  Can*. 

H.P. 

IMjrlOO 
miles. 

Steam  Cars. 

H.P. 

i 

5i 

gals. 

4 

*i 

P*trol.  !    Wat«r. 

1 

1 

Pierce 

Grout 

121 

11315 

Long  Distance 

7 

H 

Prescott 

41 

m 

85-5 

Darracq 

9 

5 

*f 

*i 

14 

79-5 

»» 

9 

^ 

Lane 

10 

15f 

93^5 

Packard 

12 

6^ 

Locomobile 

3* 

m 

114-75 

Mors 

12 

s 

7 

ft 

34 

10 

89-25 

Georges-Richard 

12 

8 

White 

6 

«i 

6 

t* 

12 

7 

i> 

6 

6| 

6 

Autocar 

8i 

5 

tt 

6 

9 

9-75 

De  Dion-Bouton 

4i 

6 

Overman 

*i 

1(^  i    84-75 

Foumier-Searchmont 

8 

7 

Locomobile 

H 

16       103  5 

t* 

8 

8f 

1 

Haynes-Apperson 

9 

5 

Knox 

6 

7 

1 

• 

tf 

6 
6 

6 

1 

i 

Foumier-Searchmont 

7 

1 

!        1 

•82 


THE   AUTOMOBILE. 


100  MILES  NONSTOP  RUN,    LONG  LSLAND,  U.S.A.,   APRIL  26,  1902. 


Net  Time. 

1 
Net  Time 

No. 

Maker. 

No. 

Maker. 

H.     If.     B. 

38 

1 

0. 

1 

69 

Automotor  Co.            j 

Elmore  Manufacturing  C 

6  51  30 

1 

Keleconn  Motor          .  6  20  16 

47 

Autocar   Co.              i  6  52  30 

9 

Ha3mes-Apper8on            6  22  30 

46 

Havnes-Apperson            6  56    6 

71 

Long  Distonce  Co.           6  24  30 

43 

Ward  Leonard  Co.           6  58  15 

77 

Ix)Dg  Distance  Co.           6  23  30 

72 

Olds  Motor  Work»           6  68  15 

52 

Locomobile  Co.              6  26  30 

36 

Peerless  Manufacturing  Co.     7    6    0 

68 

Wlieel  Within  Wheel  Co.    6  32    0 

27 

Torkensen  Gear             7     6  45 

5 

International  Co.            6  34  16 

63 

Locomobile  Co.             7    6  45 

67 

Winton  Co.                 6  36  40 

21 

Auto.  Co.  of  America         7     7  20 

29 

Ohio.  Automobile  Co.         6  37    0 

1 

Prescot   Co.                 7    4  30 

66 

Winton   Co.                 6  38  16 

33 

Century   Co.             1  7    6  30 

11 

Peerless  Manufacturing  Co.    6  39     0 

15 

lAne  Motor  Co.             7     7  30 

60 

Peugeot  &  Co.              6  39  40 

8 

George  N.  Pierce  Co.             7     7  45 

26 

White  Co.                  6  39  55 

6 

International     Co.            7     9  45 

41 

Ward  Leonard  Co.           6  40    0 

18 

Auto.  Co.  of  America 

7  11    0 

26 

White    Co. 

6  40  60    1 

46 

Haynes  -  Apperson 

7  11    0 

24 

White    Co.                  6  41  15 

28 

Peerless  Manufacturing  Co.    7  16  30 

13 

Panhard-Levassor         '  6  43  30 

2 

Prescott  Co.                   7  21  15 

23 

Panhard-Levassor           6  46  10 

70 

I^ng   DisUnce   Co.          7  26  30 

30 

Ohio  Auto.  Co.             6  50  30 

42 

Ward  Leonard  Co.        ^  7  26  45 

{Not  indvdxng  12  cars  dis-                     ^ 

63 

Haynes-Apperson 

7  57  30 

qualified  for  exceeding  speed  limit.)         i 

; 

ROSLYN    HILL   CLIMB,    U.S. 

2,800    ft.),    APRIL    26,    1902. 

No. 

of 

Car. 

Make  of 
Car.                           *'-^- 

B    §1 

No. 

of 

Car. 

1 

Trme 
Make  of                        „  _          on 
Car.                            '''^-       Hill. 

Class   A. 

M.      S. 

1 

.    M.    «. 

Class   D. 

1 
1 

63 

Locomobile 

3i 

1  42 

Winton 

15       1  42 

1 

Prescot 

4i 

1  69 

56 

Peugeot                     11        1  46 

24 

White 

6 

2     6 

60 

Packard                     12       2    3 

64 

Grout    (V.H.C.) 

4 

2    6 

33 

9* 

12       2    6 

33 

CVnturv 

8 

2     7 

29 

Haynes-Apperson 

9 

2  33 

26 

White       . 

6 

8     2 

45 

Winton                       8 

2  59 

6 

Toledo                       7* 

2  10 

57 

Auto.  Co.  of  America           9 

3     5 

25 

White                       6' 

2  20 

79 

(V.H.C.) 

16 

Lane                        9 

2  34 

U.S.  Long  Distance     :      7     ,  3  38 

2 

Preficot   (H.C.)             4^ 

2  40 

70 

Elmore                       5       3  57 

5 

Toledo                    7i 

11  46 

38 

11 

Peerless                '     16     |  4    4 
Haynes-Apperson              9     ,  4  19 

63 

Peerless 

16     ■  4  32                      { 

1 

Class  B. 

35 

Hay  nes  -  Apperson 

6       4  45 

41 

Ward  Leonard             5 

3  35 

46 

Gasmobile  (H.C.) 

9       6  46 

42 

,.                         5 

5  3 

21 

Panhard                    16     j  7  22 

43 

1 

5 
Class    C. 

5  36 

13 

1 
Class   E. 

47 

Autocar                   8 

2  30 

74 

Rochet-Schneider        12—16   1  19 

72 

Oldsniobile                i 

4  16 

23  1 

Panhard               i     16 

2    8 

8 

Pierce                     3i 

6  42 

18 

Gasomobile                   7 

3  42 

27 

TorkenHcn                 5' 

10  42 

68 

Wheel  within  Wheel  Co.       8       4  14 

Class  A,  Steam  (^1^s  ;  IJ,  Electric  Cars  ;  C,  1)  an.l  E.  IVtrol  Cars  under  1,(00  1»».,  1,000  lb.  to  2,000  lb., 

ami  over  L'.OOolb.  re^pec•tively. 
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CONSUMPTION  TRIALS  AND  HILL 


ce 


o 


1 

4 

5 

6 

7 

8 

10 

11 

12 

13 

15 

21 

22 

24 

25 

20 

27 

29 

32 

3 
17 
18 
19 
20 
23 
28 
30 


Make  an  I  Seating  Capacity. 


Baby   Peugeot   (2) 
WoLseley  (4) 
Benz  (3) 
Benz  (3) 
Peugeot  (5) 
Gladiator  (4) 
fGillet-Forest  Delivery  Van  (2) 
Century   Tandem   (2) 
De  Dion-Bouton  (2) 
Rochet  (2) 
Western  Steam  Car  (2) 
JFircfly  (4) 
French  Gardner  Serpollet  (4) 
New  Orleans  (3) 


t* 


Foster  Steam  Car  (4^ 

Mors  (2) 

Georges  Richard  (2) 

Gobron-Brillie   (4) 

Motor  Bin/cles. 

Hewetson's   (1) 
Humber  Chain-driven  (1) 
Ormonde  Motor  Cycle  (1) 
Ormonde  Motor  Bicycle  (1) 

Ormonde  Cycle  (1) 

Ekcelsior  Motor  Bicycle  (1) 

Phoenix  Motor  Bicycle  (1) 

Minerva   Motor  Bicycle  (1) 


Weight. 


Liglit. 


Loaded. 


^      E      ■ 
o    <y    J  I   ;^     o-    J 


2  2  7 
20  0  7 
24  2  0 
14  0  21 

3     7 

3 

1 

3 


14 
13 
17 

6 

8  3 

C  1 

11  0 
17  0 
20  0  14 

12  0  14 
17  0 
12  3 
26  0 
12  2 
19  2 


14 
0 
7 
0 

21 
0 
0 


7 
7 
0 
0 
21 


1   1 
1  0 


0 
0 


1  0  21 
1  0  0 
1  I  21 
1  1  0 
1  0    0 


11  0     0 

25  3  21 
29  0    0 

18  1     4 

21  3     7 

19  0  14 
27  2  0 
10  0 
13  1 

8  3 
13  1 
23  0 

26  2 
16  0 

22  0  14 
18  1  21 
29  0  0 
15  1  0 
25  0  21 


7 
3 
14 
14 
0 
7 
0 


23 

2  1 

2  1 

2  1 

2  3 

2  2 

2  3 


0 
0 

14 

0 
0 

0 

7 


Bore  and  Stroke. 


Mm. 


94  1^  94 


In. 


3-7  ^  3-7 

—      45  ^  5- 

130  ^  130   51  ^  5-1 

100  ^  125  ;  3-9  ^  4.92 


80  ^  90 

96  ^  130 

100  ^  105 
100  fi  105 


100  ^  110 
95  |i  110 

76  ¥^  76 

66  ^  74 
66  ^  74 
66  ^  74 


70  f*  70 


4-75 
3-3 

3.14 
2.5 


5 '5 

3-5 

3.54 

3.5 

5.11 


3.9  fi  4.13 

3.9  fi  4.13 

2.5  ^  3.5 

4.75  ^.  6.5 

3.9  ^  4.33 

3.74  ¥i  4.33 

3^3 

2.75  %^  3 
2.5  t^  2.9 
2.5  1^  2.9 
2.5  |t  2.9 

2.75        2.75 

2.7   ii3i  2.7 


•  speeds  above  12  miles  per  hour  not  recorded,      t  Soli  i  tyres,  all  other 

BRAKE  TESTS.    PHILADELPHIA,  U.S.A.,  JUNE  24,  1902. 


Car. 


Locomobile  (steam) 
Columbia  (electric) 
Oldsmobile  (steam) 
Autocar 

it 

Win  ton 

Mercedes 

Packard 

Columbia  (electric) 

*  Pan  hard 

Moi"s 


Weight 

ill 

lbs. 


1,200 
2,700 
950 
1,400 
1,400 
2,000 
2,300 
2,000 
2,700 
3,000 
2,200 


Speed 

in  miles 

per  hour 

(no 

limitX 

27.5 
17.25 
21 
19.5 
21.5 
23.5 
25.5 
19.75 
12. 
27.67 
8 


stopped 
in      , 
ft.   in.  I 


Car. 


71 
40 
33 
59 
62 
56 
68 
42 
12 
74 
7 


0 
6 

0, 

8' 
8 

o\' 
8 


Mors 


tt 


tf 


*• 


tf 


Runabout  (electric) 

Autocar 

Trotting  Team 

.Vour  in  hand 

Bicycle 


Weight 

in 

lbs. 


2,200 
2,200 
2,200 
2,200 
2,200 
1,000 
1,400 


Spt-ed 

in  »  ih?s 

per  hour 

(no 

limit). 


Stopped 

in 
n.  in. 


13 

17.6 

18.5 

21.5 

30 

14.5 

24 

21.5 

17-25 

25 


10 

I  22 

I  ^5 

40 

91 

30 

50 

61 

62 

185 


3 

4- 

10 

(» 

s 


TABLES  GIVING  RESULTS  OF  AUTOMOBILE  TRIALS,  ETC.       785 


CLIMBS.    DASHWOOD  HILL,  MAY  10,  1902. 


Trial,  A, 

Trial,  B. 

§1 

'  ?l 

Motor. 

F 

50-3 

Hill  Climb,  C. 

1     ^'s.a 

1     EO  = 

IH 

g 

• 

c 
o 

0  «  s 

*  '  • 
1  ^  a 

■&« 

o«0 

1 

1  6s^ 

J5| 

H.  p. 

1  Cyl. 
1 

1 
12 

1       * 

So 

V. 

10.69 

c 

-843 

•049 

1 
Speed  • 

M.   P.   H. 

ConMump- 
tio». 

Gals. 

1 

Wo 

>  1- 

1  •    »-         U 

5 

•84 

•337 

•153 

31 

10 

2 

12 

1-375 

12 

,    1-25 

-032 

10-31 

•8 

•164 

20 

IC 

2 

12 

2112 

— 

1 

'    -047* 

— 

15 

6 

2 

12 

105 

— 

-^ 

'    -037* 

8-47 

1      -931 

•263 

22 

8 

2 

12 

1  1-375 

12 

1-168 

;     037 

10-43 

•518 

,    -119 

33 

12 

2 

12 

1-27 

12 

1-24 

•042 

12- 

-618 

1    -161 

27 

7 

12 

1-812 

12 

1-75 

-042 

4-36 

1-175 

-214 

37 

_ 

1 

12 

1-125 

12 

115 

•093 

1019 

•562 

-281 

32 

4i 

1 

12 

1-375 

12 

1-68 

•072 

9-38 

i      -525 

-198 

35 

4* 

12 

12 

-75 

•055t 

7-88 

•3 

171 

28, 

12 

2-75 

12 

3 

•134 

1110 

17 

9 

2 

12 

2-5 

-07* 

— 

26 

6 

4 

— 

____ 

— 

— 

— 

9 

2 

12 

-943  I 

12 

1 

-039 

939 

-625 

•195 

23 

14 

4 
2 
4 

— 

— 

— 

28 

__ 

._ 

1 

^^^ 

10 

2 

12 

1-93 

12 

1-126 

•064 

10-77 

•805 

•264 

18 

12 

2 

12 

2-5 

12 

1 

-2 

•057 

8-59 

1-3 

1 

•257 

22 

— 

1 

— 

•368  1 

-46 

12      ! 

•08 

1 

— 

*•    1 

12 

-431  1 

12 

•393 

— 

12 

•131 

12 

•27 

12 

•2 

9-63 

•081 

— 

— _     1 

12 

•118 

12 

-1& 

12 

•US 

— 

1 

12 

-318 

11.92 

—       1 

1 

•25 

1117 

-1 

cars  pneumatic,    f  Tube  and  electric  ignition,  all  other  cars  electric  only. 

GERMAN  CONSUMPTION  TRIALS.      LEIPZIG -EISENACH  (177  km.), 

JULY  23  and  24,   1902. 


Car. 


De  Dietrich  (omnibus) 

Fahrzeugfabrik  Eisenach  III.  (deJivery  van) 

Fahrzeugfabrik  Eisenach  I.  (wagon) 

De  Dietrich  Wagon 
German  Military  Wagon  (alcohol) 
Fahrzeugfabrik  Eisenach  II.  (wagon) 


1 

Weight. 

1 
Time. 

C!onsumpti( 

)n. 

1 

H,I». 

Lubri- 

1 

Light.  Loaded. 

Petrol. 

Witing 

.   Oil. 

1 

KM. 

1,9-20 

KM. 

2,920 

H.    M. 
11     16 

KM. 

I.. 

9 

31-25 

16 

5 

385 

635 

12  21 

•26-6 

1-5 

10 

1,710 

3,200 

14  32 

93-8 

4-75 

9 

2,190 

5,190 

20  18 

62-0 

2-8 

10 

2,630 

5,642 

20  39 

1.4  &  171-9* 

12 

2.836 

5,836    33     7 

1180 

5-6 

Alcohol. 


Y  Y 
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ALCOHOL   CONSUMPTION   TRIAL:    CIRCUIT   DU    NORD, 

MAY    15-17,    1902. 


No. 

1 

Weight. 

1 

Total 
Consumption. 

Gonaump- 
'    tion  in 

Total  Banning 
Time  for 

of                                 -, 
<-i                                   Car 

litres 

Three  Days. 

Car.                            '^"'^• 

Light. 

^   Loaded.    , 

■  perton- 
kilonietre. 

KO. 

1 

!           KO. 

ifc 

H.       M.     8. 

120              Peugeot  Cycle                 244 

4-23 

44-470 

1      • 

144 

28     5  31 

133          Darracq  Voituretto     i        392 

775 

54-235 

1 

096 

35  48  22 

102            r       Panhard 

600 

849 

91-940 

148 

28  57  49 

101 

G.  Richard                   411 

(536 

60-440 

130 

36  48  50 

121 

Hurtu 

534 

912 

80-080 

120 

34  58  34 

126 

De  Dion 

602 

910 

61-945 

093 

38  30    6 

135           1       Gladiator 

629 

991 

95-600 

132 

26  38  35 

136      A^ 

630 

951 

110-310 

158 

31  42  33 

137 

625 

911 

80-340 

120 

28  24  22 

143 

Delahaye                     579 

955 

88-340 

126 

39    4  49 

144 

572 

1,029 

69-330 

092 

29  49     1 

145     1      V   Gillet-Forest           ,        564 

863     ' 

79-405 

126 

37  18    3 

101            f       Panhard                      943 

1,284 

124-910 

133 

25  48    9 

108     , 

Gillet-Forest                    794 

1,104 

125-795 

•156 

25     1  41 

110 

654 

1.090 

106-370 

•134 

35  43  45 

123 

Bardon               j        783 

1.098 

69-710 

•086 

43  50  45 

124 

„                           726 

1,100 

63170 

-078 

38  53  13 

127      ,B  • 

Chenard-Walcker            766 

1,202 

67-310 

•065 

31  14  29 

147     ' 

Herald                       717 

,     1,050 

103-900 

-135 

26    3    S 

140 

Soc.  Nancienne               915 

1,337 

94-610 

•096 

22  56  61 

142 

Delahaye                     912 

1,372 

101-530 

-101 

30  34    7 

138 

Prunel                       729 

1,071 

91-760 

-117 

36  17     1 

131 

^       Dietrich              ,     1.104 

1,532 

113-910 

-101 

1     25  11  11 

A,  Light  care ;  B,  Heavy 

cars. 

FRENCH    CONSUMPTION   TRIALS.     JULY    27,    1902. 

Weight. 

Time 

■ 

Consumption  of 

Car. 

H.P. 

Petrol 

K.O. 

800 

H.       X. 

8. 

in  litres. 

More 

16 

2    43 

0 

Panhard*                            6 

790 

4       5 

50 

9115 

Luc  Court                         — 

2     46 

0 

11130 

A- 

Mieusset                             12 

800 

2     55 

7 

13-640 

Pilain                               16 

800 

5     52 

42 

15-7 

De  Dietrich                          12 

800 

3      9 

10 

20-360 

Richard                             16 

1.125 

3      5 

8 

40-090 

(       De  Dion*                            8 
T>  1        Sohaudel                           9 
^  1      G.  RicKard                        10 

I         Liberia                              fij 

550 

3     49 

27 

8.103 

550 

3    42 

12 

9.325 

1        640 

3    66 

9 

10.575 

650 

1 

9.435 

C     Peugeot*                              5 

360 

4    28 

22 

7-206 

C  -^       Clement                               5 
(    Teste-Moret                          3 

300 

4    42 

29 

9-535 

300 

,         5    59 

0        ' 

10-202 

r     Gladiator                              IJ 

D  \         Maurice                              1} 

(        Clement                              U 

35 

4       1 

31 

!          63 

4    37 

40 

4-003 

35 

5    54 

0 

A,  Heavy  cars  ;  B,  Light  cars ;  C,  Voiturettes ;  D,  Motor  cycle. 


'88. 


THE  AUTOMOBILE. 


iri 


1^ 


m 
^ 


a 


< 

HI 
I 

GO 

(— I 

Pi 


o 


a; 
s    • 


a 
o 


•40 nV: a*'«i ■♦fo 9*413 9ti»'3 n'lC  ♦>": ••Ik:  st!>3     .  esS^s-*tiOT'*£r*fer^*f>        rt{i<:9«'ifl«|*5        rtVesti.- 

sqcoofflr-xxxa>o:OQO-^©i5<i"^'^'^"^t^x»«r- 


ec««MX«D»cot^-^»^i^ 

-^  i-H  »o  CO  eo  "^       -♦       o*  *^ 


'^  1-H       <N  «  (N  (M  ^  ac  < r 


»^-©t*t-i>xxc£c:cc 


« 


oooooococooo© 


ooox?MOOw:o 

CO  to  iO        Ci  f-m 


JjiOO*Nr^'MOCOec05'NOCOXOWX»i500r*-^COu3 
CO       (N        "^04  -1  (N -^  eo  ^  G^  't  —<  CO  »f3  -Sf  CO  CO  CO 


ccooocc«oo»^ 

»S  CO  CO         CO  «* 


0:«'*eoc&i>^'*'?i 

Oq  ,-«        ,^  CO  ^^  iC 


ct 


u:  «- 


C3 


SOOOOOOOOOOOO-H^-.OCOOOOO©'^       ooocoo-*oosr 


'"iO         l5  lO  (N  O  >C  1-4  to        »0  6l  CO  iO  »0  "^  G^  o5  CO  —  >/5  i-i 

»XCOCO^O^"^0"^e'l"^Q"^CO©t^(Mpi>"^«0«3»iO 
CO  ^ -^ -^  Ui  CO  Ut  CO  »0  i-N  i-i  CO  "^ -^  5l  lO  ^  0« -^  "^ 

aia'^'***>Q«o»0'^»0'*cc«t>*io®i>coxor-cDX«-^ 

01 


l>0«XO0»C«-r  C  — 
^  00  "^  CO  •-■  — •  "^ 

CO  "^  "*  eo  C'j 


■        *      I 

.«  S   1 
Tj  atfi 


•  ^^^rM^i6kOo6iocoi<-^oicooiiA^xi>0)r*r^O 

CO  CO  «t  "^  (N  "-^  rr  ^  Csi  >-t      »o  co -^  co -^  co  co  co 

S(COQ(NOI>-*QOXCO©(M-^T*!(M©cO'^l>»OeOC5CO 
•^t»5lfii^        "*  CO  CO  >0  CO  CO  (M  <N  ©I  »o        Uld  (N  C4  O  01 

siCiCOOOOcoi>xroO:coi>xx03XAi>Oi^i-^(N 


CO  cS  "*  oi  CO  »:;  ^1 


i>»OOOC5viOit^:s*r 


>0»or-r*ot-cDr»r-i:^x 


Rfi^oiVj        ««)«•«>»:  Kit!)        •4<;nM«h9'4o*Sa«f'^i<:9>W':»lws«N3i:he'*^-9(9h.-:>tj*9 

^.-lQ«aX«'^»XX©0>«'«tt^'^l>Tj't*0»i5-«*»0»^ 

si©       ©i>'^OOCO(MOi©u3'«<*'-Hi-HCOOS'^xr-«3CiOa 
CO  CO -n" '^  O         C^         «         CO  p- -^  CO  i-H  ii<  IQ         CO  CO  Tf  "»!' 

PG-^»0'^'^'^«i3®Ot0O^«0t>OC0t^©XX-^Xe00i 

^4  ^i^ 


ioaox»cr^t^caco>s  —  -r- 

tQCOC^tO        -rf  •-*  CO  —  — 


coxow*-<oico»ack':"— 
co'^i'      1-ieo       eo'^CM'-  — 


«5-^u5U5»i3oisu;«t-;r 


p 


«3   O   08 


:     fr    B-l 

«3  a>T3  »  C 

^   «    d   <8   e3   « 

!:ap4oP^oO 

^B* 

^   « 

•?» 

s_i 

SI 

O    08 

pCJ 

■4^     'S* 

Is 


.  2  5  li  S  S  ? 

C        Q        ^        _        -       _ 

:2    as 
0&> 


•  ■••■iiiiiiiiiiiiitttif   ■•■i<i  I  I  , 

©©©©©©©©©©©©©©(N'*oico«oe^©<x(N  C'*^"*'^©'^'^© 


© 


o 


<^5;3« 


a 

oC 


90 


« 


o 


o   <D   d 

TJ   08^3 


'13 


5 


O 

fc4 


© 


© 

9) 


CS 


•   •  ►jt?   •   •   • 


^ 


o 

s 


«8  «©  .c8 


c8    £•• 


i*;sr»  w 


c  5  S-r 


•ox  "^"^aa 


r*O©lr*©'M©OC0l:^X©©r^»-^<N2^U0'<#©»0Xff0 

CM      1—      ©'<t*f      !-•      »-^cia;x»x>cxx©iax 


r^x»sc50©>rr  ©t^r:r- 

'>«t»cocococot5ci'rs:C'3- 


JO  japjQ 


^(Mco^ic©r*xcs©^fMco'^<o©t>xc»©»-4  5^oi       »^^cO"^ic«r-xct©  — 


©  -4  5^  oi 


790 


THE   AUTOMOBILE. 


G\ 


CO 


< 
m 
Q 


P 


o 


1  time  fo 
2-4  km. 

§?« 

«•«;  e*e  •-« -4o -*5 
Oi  ©  t-  "^  « 

CO  '*  eo  .-1  (N 

CO  WN 

"^  ec  (N  ^  »o 

CO  d  ^  04  <N 

28 

c: 

OJ  c  © 

Ci  ©'N'MO^ 
^^  ^^  1-^  i-N 

©  © 

(N 

cc 

r-cs  »s  ©  "^ 
■*  ec      co« 

OJ  O  CD  CI  ec 
d  CO  "*  •* 

CO  CO  cc  CO  CO 


c  m  oe 

=  =  g" 

>  ^'^^ 
ce  ee  s 


o  c  <D  S  >k 


^       p. 


O      E 
S«  c 


**  e8   t-   5  "** 

c  >  c  g  c 

4^  .S  J?  •-    C 


8 


I 


^-f^s 


I 


-.    c    "^ 

!<  —  •«- 


is 

3^ 


I 


uij^  -ss 


00 

C 
« 

I 
ft 


^© 


c 

6^'a  —  «  c 

1-2  S 


•ox 


o»r^o         00  © C4  o  CO         © 
to  19  ^         '^i<  ^  CC  .— CO         55 


CO 


s 


I    I 


I  I  I  I  I 


O 
o 


O   5  m 


C0tC'^©>O©COGOeO©O»'<4* 


CO  -^ 


ta 


(M©1  <N 


coco©cor*QOco»ocC'*05r^Oi 

-^  -^  CO  »i5  -^  CO  »C  »M        -«        CO 


coeM^icoiar^co^-^QO-Hio 
ao©©coco<sroaoaOQCOO) 


<ji  ^  ^  -^j^  55  CO  r» 

aC  (N  S4  COCO 


Od  ©  CO  ^  OC 


cor-i>£'-i>t'-t*i>r-XQC«« 


3 


1e 

M  c 


> 


§ 

CL4 


•c 


B 

O 


Q.2    - 


fXi 


»o 


c:  «e  3  C  ^  > 

^   fiS  J$  ^   e8  9 

00.0      o,^ 


o 

c 


s 


*    •    o  *c  ** 

4 


'SJ 


(S 


Q  ^ 

.-be   S   CI 

I        ^ 


GG 


4^ 

eS 


2^ 


sSOfgO^j 


& 


04I>©^X— X—* 
CO  (N  <M  »C  ^  CO  (M  (M 


gjg'^ 


CO       CO  t- i>  i4  o  CO  CO  CO  cc  CO  "^ 


TABLES  OIVING  RESULTS  OF  AUTOMOBILE   TRIALS,  ETC.  791 
RELIABILITY   TRIALS,    HILL   CLIMBS.    SEPTEMBER,    1902. 


e 

s 

£ 
C 


1 

2 
4 
5 
6 
7 
8 
9 
10 
11 
12 
19 
20 
21 
22 
23 
24 
26 
28 
29 
30 
31 
32 
36 
35 
36 
38 
39 
40 
41 
42 
44 
47 
48 
51 
52 
53 
51 
56 
67 
59 
60 
62 
63 
64 
65 
66 
67 
69 
70 
71 
74 
75 
76 
77 
81 

82 
83 
84 
86 
87 
88 


Car,  and  Seating  Capacity.* 


Chain-driven  Humber  Bicycle  (1) 
Chain-driven  Humber  Bicycle  (1) 

Century  Tandem  (2)        

Baby  Peugeot  (Friswell,  Ltd.)  (2) 

Werner  Cyclette  (1)       

Ormonde  Bicycle  (1)       

OldBmobile  (F.  W.  Peckham)  (2) 
Locomobile,  Steam  (2) 
Locomobile,  Steam  (2) 
smriit  {,£)        •••       •••       ■•-       ••■ 

Parr  Light  Car  (4)  

star  (4^  ••        •••       .,.       ... 

Locomobile,  Steam 

Locomobile,  Steam 

Renault  (Roadway  Autocar  Co.)  (2) 

M.M.C.  Voiturette  (4)  

De  Dion  Bouton  (3)        

White  Steam  (2)  

Georges  Richard  (2)        

White  Steam  (2)  

Decauville  (Motor  Car  Co.,  Ltd.)  (2) 

Ueorges  Richard  (4)        

James  and  Brown  (4)     

Gladiator  (s.  F.  Edge)  (4)       

Brooke  (4)     

SimuiB  (4)      

•star  \i)         ...  ...       ••.       ... 

Wolseiey  (4)  

Wolaeley  (4)  

Wolseley  (4)  

Belsize  (Marshall  and  Co.)  (4) 

New  Orleans  (4)    

De  Dion- Bouton  (4)         

Clement  (2)  

Gladiator  (S.  F.  Edge)  (4)       

^^nei  \v/        ••<       ••■        •        ••■       ... 

New  Orleans  (4)  

Century  (F.  Milbum)  (4)         

New  Orleans  (Wm.  Kxe)  (4) 

M.M.C.  (4)  

Germain  (Motor  Tractiou  Co.,  Ltd.)  (4) 

Georges  Richard  (2)        

Gardner- SerpoUet  Steam  (4) 
Gardner-SerpoUet  Steam  (4) 
Peugeot  (Friswell,  Ltd.)  (4) 

Brush  (4)    ...  

Humber  (4)  

Humber  (4) 

Wolsck-y  (4)  

Mors  (Roadway  Autocar  Co.)  (4) 

W  iison  and  Piicher  (4)  

Germain  (Motor  Traction  Co.,  Ltd.)  (4) 

Clement  (2)  

Daimler  (5)  

Daimler  (4)  

M.M.C.  (4)  

Maudslay  (4)  

Pascal  (Baron  Henri  de  Rothschild)  (4) 
Pascal  (Baron  Henri  de  Rothschild;  (4) 

Daimler  (4)  

Daimler  (5)  

Panhard  (4)  


River  Hill. 


S 


Mb         Oa 

1  59 

7  211 

4  16H2) 

4  271(2) 


(1) 


6  28ft (1) 


2 
3 

8  67 


46t (2) 


2 
12  (2) 

'}  (2) 


7  53 

3  24t 

3  a 

5  35t 

6  14! 

4  VZi 
3  41f 


(4) 
(2) 
(2) 
(2) 
(4) 
(3) 
(2) 


5}  2) 
40  (4) 

03(4) 
42J (4) 
3li  (4) 
321(4) 
45H4) 

18  (4) 
321  (4 
51(4) 

4|(*) 
421(4 

2!  (4) 
491 (2) 
52i(4) 
48  (4) 


4   46t(4) 

6  58i(4) 
6   46|i(4) 


2  29J(4) 
2  34«(4) 
■  0  (4) 
521- 
19  (3) 


3  ^1(4) 

5  "oil  (4) 

3  23ft  (4) 

3  2U(4) 

4  18i(5) 


54H4) 
24  U) 
44  (4) 
48  (4 
Vii  (4) 
3  — 
2   32i(4) 


m 

sS 
1^ 


418 

137 
125 


57 

47 


35 
39 
36 
55 
52 
84 
53 

53 
25 
45 
40 
48 
25 
47 


28 

49 

40 

53 

51 

31 

40 

40 

66 

24 
25 

38 
39 
56 
25 
26 

34 

26 
36 
29 

28 

20 
26 
28 
22 
28 
21 
41 


211 

9^ 
9-3 


151 
13-0 


5-3 

12-^ 

13-5 

7-4 

6*7 

9-9 

113 

10*2 
7-3 

7-3 
9-2 
5*5 
7-2 


7-5 
8-2 
6*8 
8-8 
8-3 
61 
10-8 
87 

8-7 

6-0 
61 

16-7 

16-2 

13-9 

8*5 

7-8 


,West«rham  Hill 
(B«t«on'8). 


2 
3 


7 
4 
3 
6 
5 
4 
6 

3 
4 

13 
5 
7 
6 
9 


5 

7 

3 
3 
4 
25 
4 


31.    8. 

1  56  (1) 

16  43  (1) 

4  53|- 

4  34i(2) 

6  23f(l) 


44i  (2) 

38ft  (4) 
li(2) 

22f  — 

431  (4 
19f  3 
271(2 

^2(2) 

16}  (4) 
20f — 


40  32  (4) 

16  19   — 

4  22   (4) 

6  33  (4) 

4  46ft  (3) 

5  6*  (2) 
19  30f  — 

3  571(4) 

5  _7   (1) 

6  23  (3) 


45!  (4) 
©ft  (4) 

3  (4) 
441  (4) 
17  (4) 
i?  ^2) 
m  (4) 


13-7  I  2   40i  (4) 


8-3 
12-3 
12-4 

9-7 

10-7 
95 
15-3 
87 
13*0 
137 
16-5 


13 
3 
2 
4 

13 
4 

3 
3 

2 


67  (4) 
1411  (4) 
27>  (4) 
185  (5) 


130 


61 
42 


38 
35 
39 

60 
87 
62 

63 
31 

47 
23 
32 


(2) 

33-}  (4) 

9i  (4) 

6«j!  (4) 

62i(4) 


2   571(4) 


61 
39 
51 
46 

42 
32 

59 

31 
24 

~2d 

29 

42 

6 

30 

41 

10 
40 
36 
30 

6 
27 
25 
28 
33 

37 


0; 

—  33 

.-4 


7-3 


12-2 

8-9 


43 

8-3 

109 

6-8 
7-6 
51 

9-2 
67 

6-4 

4« 

5-3 


7-6 
5-7 
7-2 
65 

8-4 
6-5 

6-2 

6-8 
4-5 

10-9 
8-i' 
7-8 
1-3 
6-9 

12-5 

2-3 
10-2 
11-3 

7*7 

2-5 
7-3 

10-5 
8-3 

116 

11-3 


e 
o 


132 

2-31 
2-48 


5-37 
4-23 


2-85 
4-22 
5-29 
2-05 
2-86 
331 
3*62 

4-52 
4-17 

4-61 
335 
3-97 
3'45 


3-8 

6-68 

41 

3-86 

3-74 

27 

6-53 

406 

498 

7-42 
3*63 

10*18 
8-77 
7-64 
3*05 
5*60 

12*43 

3-87 

877 
7*28 
713 

4  62 
7*34 

11-73 
7  18 

ll-3i) 


o  c 


5-3 

11-5 
13-0 


46-5 
47-5 


36-0 
38*0 
47-0 
15*2 
200 
15-8 
27-6 

26-0 
36-36 

26-5 
23-6 
36-26 
19-65 

«• 

4171 

27*2 

27*0 

23*6 

23*5 

23*9 

27*5 

25*2 

19-0 

30*0 
33*0 

50-66 

430 

26-0 

37*0 

28-6 

610 

33-1 
33*0 
32-5 
3*28 

44-6 
330 
51*6 
34-8 
32-5 
11-5948-0 
9-41  -21-0 


*  For  classes  see  next  page. 
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Broke  down. 


•♦  Not  received. 
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THE  AUTOMOBILE. ^ 
TYRE   TRIALS;    AUTOMOBILE   CLUB   <3,(i00   miles,   extended 
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TABLES  GIVING  RESULTS  OF  AUTOMOBILE   TRIALS,  ETC,       795 


TO   4,000   MILES),   SEPTEMBER    1   TO   OCTOBER    15,   1902. 
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THE   AUTOMOBILE. 


HILL   CLIMBS:    CHATEAU-THIERRY   AXD 


N<). 


I 
2 
3 


1 
2 
3 


2 
3 
4 


2 


3 
4 


Driver. 


Class    I. — MoiO'hicycUs 
{under  30  kg.). 

Demy 

Coadert 

Barret 

CUiss  IL — Moto-hicycUa 
(30  to  50  /•!/). 
Lambcrgack 
Demester 
Barret 

CUtss  III. —  MotO'Cycles 

(50  to  250  Jt^.). 

Loste 

Holley 

Osmont* 

Bourdeaux 

Class  IV. — Qiiadricycles 
(2  seafs  occnpied). 

Osmont* 

Clciss   V. —  VoilnreUes 
(250  to  400  kg.,  one 
seat  occupied). 

Thellier 

Von  Latum 

Hanriot 

Ckmibier 


Make. 


Qement 

Lnrquin  et  Couderd 

Bruneau 


Griffon 
Bruneau 


Buchet 

Clement  (bfcycle) 

De  Dion-Bouton 

Gamet 


De  Dion-Bouton 


Pafisy-Tliellier 

Clement 

Pa8*<y-Thellier 

Georges  Ricliard 


Times. 


Ch&teau- 
Thicrry. 


Oaillou. 


a.   s. 


1  ^ 
1  37f 
1  40 


1     H 


1     2| 

1  m 

1  24 


Total. 
M.    a. 

2     5^ 

2  67^ 

3  4 


0  554       0  49^        1  455 
OHO  53^        1  54^ 

1  Oi        0  59i        I  59'^ 


0  49i  I     0  4H  '     1  31 
0  51^  I     0  40f  ;     1  32 

0  55 

1  ^ 


0  5U 


0  52i 


1  39^ 
1  57t 


1  531 


0  58jt 

1     2 

1  14 

1     0\ 

1  19 

1  144 

2     4 

1  344 

^2     05, 
2  14* 

2  33^ 

3  45V 


*Use<l  50  p.f.  mixtnn* 


RACE  :  PARIS— MADRID,  May  24,  1903  (abandoned  at  Bordeaux,  565  km.)- 

First  Twelve  Cars  to  arrive  at  Bordeaux.* 


Car. 


^lors 

Keuault 

^lors 

De  Dietrich 

Mercedes 

Panhard 


Gabriel 

Louis  Renault 

Salloron 

Jarrott 

Warden 

De  CVawhez 


Time. 

B.      M.      R. 


5  13  31 

5  33  59 

6  46     1 
5  51   55 

5  56  30-8 

6  1     8-4 


Car. 


C.  G.  V. 

Mercedes 
ilors 

Darracq 
Turcat-M^ry 
De  Dietrich 


Driver. 


Voigt 

Gastetiux 

A.  Foumier 

Baras 

Bongier 

Monter 


Time. 

H.      M. 


6     1     9-2 
6     8     0 

r>  11   39 

0  1-2  49 

6  ir»    7-8 

.  a  17  54-2 


*  39  heavy  cnrn,  25  light  cars,  21  voiturettca,  and  13  motor  bicycles  arriv^Kl  In  sildition. 
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THE  AUTOMOBILE. 


TOWN    AND    SUBURBAN    VEHICLE    TRIALS: 


^ 

Time  for  Daily  Journeys. 

« 

?                                                           '     Nov.  20  (1) 

Nov. 

21  (2) 

Nov.  22   (3) 

Nov.  ' 

24  (4)          Nov. 

^                           Make. 

i 

§                                                       ,WelKht. 

o 

H. 

31. 

Weight. 

H.    M. 

Weight. 

H.    M. 

Weight 

H.    U. 

Weight, 

1             Section  I. 

,  kilogs. 

- 



Class  I,— Two  or  four 

1 
1 

, 

seated     carriages,     no   , 

■ 

ha^fgage,.                                     \ 

7         De  Dion- Bou  ton 

_^ 

5 

49 

1,000 

4  51 

1.050 

5  48 

1,050 

5  26 

1,060 

18             Gillet-Forest 

- 

923 

4  36 

940 

4  48 

940 

4  20       940 

16                  C16ment                     970 

5 

G 

952 

5  26 

976 

5     8 

976 

4  40 

976 

13  1                  Haber 

780 

5 

54 

1,049 

5  28 

— 

— 

.  Class    II. — Four-seaifd 

1 

1 

carriage,  ^citk  baggage 

1 

1       • 

accommodation. 

12                    Huber 

1,373 

7 

43    1,448 

1 

5  16 

1,387 

5  23 

1,387 

4  15    1.470 

1 

,  Class     III.     Six-seated 

1 
1 

1 

' 

carriages,  unth  baggage 

1 

1 

1 

accommodation. 

8              Gillet-Forest 

1.496 

4 

75 

1,520 

5     5 

1,540 

7  57 

1.540 

5  46    1,634 

9  .                Peugeot                 2,012  '  4  23  | 

1.970 

4  34 

1,964 

5  38 

1,964 

4  41  !  1,970 

Class    IV.     Deliifery      \            ' 

1 

1 

1 
i 

f^ans,  carrying  500  to 

1 

t 

L 

7nO  kg.  v-seful  load  and 

\ 

1 

'     seat  for  conductor. 

6              Gillot-Forest 

1,476 

6 

50 

1,496 

6  27 

1,510 

6  15 

1.510 

5  55 

1.530 

11                    Huber 

1,344 

6 

0 

1,356 

5  55 

1,336 

5  34 

1.336 

5  33    1,336 

'  Class    v.—  Delivery 

, 

vans,  carrying  300  to 

500  kg.  ueeful  load  and 

' 

'    seat  for  conductor.          \ 

1  ;                 Pnmel                 i    — 

— 

1,175 

6  29 

1.176 

5  39 

1,176 

5    0 

1,190 

17                   Clement 

1,635 

5 

10 

1,680 

5  36 

1,570 

6  17 

1.570 

5  30 

1,580 

'             Section  II. 

i 

1 

1 

1 

Class    IT. —  Delivery 

1 

1 

I 

vans,    carrying    mini- 

mum  useful  load  of  one 

1 
1 

ton  and  conductor  {daily 

run  about  40  km.). 

' 

2 

Peugeot 

2,800 

6 

10 

2,800 

3  51 

6    4 

2,800 

6     5 

2,800 

10 

De  Dion-Bouton 

2.872 

6 

5 

2,635 

9    9 

2.635 

8  12 

2,635 

8  59 

'2,554 

5 

Vinot-Deguingaud      '.  1,980 

4 

31 

1,977 

8  23 

2.052 

6  13 

2,052    6     7 

2,023 

15 

Huber                  1,877 

8 

1,907 

6    0 

— 

1,907 

7  *20 

1.907 

Class    III.  —  Waggons 

carrying  minimum  use- 

1 

ful  load  of  one  ton  and  * 

; 

. 

conduHor. 

3 

Peugeot 

4,340 

5 

25 

4,490 

4  40 

4.365 

3  14   4,365  1  3  49  ,  4.365 

4 

Gillet-Forest             4,850 

4 

36 

4,340 

7  35 

4.850  !  7  22    4,850  i  8  40   4.850 

14 

De  Dion-Bouton 

s 

0 

10  15 

2,780   5  27  1  2.780 

1           1 

6  54  i  2.780 

Section  I.— Hackney  Carriages,  Station  Omnibiijjes,  and  Town  Delivery 


TABLES  GIVING  RESULTS  OF  AUTOMOBILE   TRIALS,   ETC.      799 
PARIS.      NOVEMBER    20    TO    26,    1902. 


25  (5)   Nov.  2(J  (6) 


H.  M 


o 
H 


H.  M. 


5  53  1,050  6  22 


5  37 

6  3 


953 
956 


4  40 
6  34 


34  9 
21  4 
32  57 
11  22 


4  46  I  1,488  I  5  33 


6  7 
4  32 


1,483  I  6  21 


2,010 


4  35 


32  56 


36  31 
28  23 


6  26 
5  40 


1,514  '  6  46 
1.354  I  6  25 


5  25  1,194  4  59 
7  45  1,597  6  7 


38  39 

35  7 


27  32 
36  25 


5  16 
7  40 

6  45 
6  37 


2,800 
2.551 


6  27  '  33  53 


8  8 ! 48  13 
2.220  ]  6  10  38  9 
1,670  6  16  I  34  18 


Daily  Consumption,  Litres. 


Ist. 

H.    M. 


7.430 

11.750 
8.370 


14.000 


2nd. 

H.    U. 


3r.l. 


H.    M. 


4tli. 


U.     M. 


6.750 

6.100 

11.700 

13.460 


6.150 
5.670 
8.950 


5.050 

5.870 

10.440 


5tli.      ,     6th. 


H.    31.  H.    M. 


4.980 
5.880 
9.830 


4.180 
6.020 
8.400 


16.810 


14.300 
12.950 


11.400 
16.400 


12.000 '  10.780 


12.400 


9.840   7.880  ,  10.610 
13.250  !  15.440  14.870 


10.000 
15.000 


8.580 
15.500 


11.500 


9.200 
14.560 


9.450 
15.280 


8.7001  9.000;  8.370 
13.750 


9.500 
16.950  I  12.750 


10.840 
11.500 


14.320  I  14.770 


9.490 
11.080 


I 


21.600 
18.940 
17.350 
19.600 


14.250 
17.200 
16.200 
15.130 


18.300 
25.900 
16.650 


8.950 
10.510 


9..325 
8.830 


13.i550 
14.710 
17.300 
17.600 


3  40 
9  4 
5  36 


4,330 
4,360 


3  25 
6  51 


24  19 
47  8 


2,810  5  33  41  45 

I     ' 


16.320 
25.650 
15.400 


15.000  12.540 

17.790  21.100 

9.700   9.600 


13.600 
21.560 
11.700 


H.    M. 


34.540 
29.540 
61.070 
21.830 


H.    M. 


5.756 

5.908 

10.178 

10.915 


77.490 


12.915 


61.280 
86.350 


10.713 
14.391 


56.050 
89.740 


9.341 
14.956 


48.105 
71.620 


9.621 
11.936 


13.680 

17.000 

98.480 

13.550 

12.500 

102.800 

16.100 

19.110 

102.710 

14.500 

14.620 

81.450 

16.413 
17.133 
17.118 
16.290 


13.420 

22.100 

9.380 


Vans,    Section  II.— Suburban  Delivery  Vans  and  Waggons. 


11.900 

15.250 

9.100 


82.780 

123.450 

64.880 


13.796 
20.573 
10.813 
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CONSUMPTION  TRIALS.    SURESNES— CORBEIL  and  BACK 

(100  KM.),  FEBRUARY,  1903. 


o 


1 
64* 

26 
35 
14 


Make. 


H.  P. 


41 
42 
31 
44 
38 

33 
32* 
34 
3 

11* 
60 
18 

16 
23 
17 
24 
2 
40* 
15 
51 
39 
37 
36 
66 
49 
28 
30 

25 
19 
21 
22 
20 


VoUurtUe8. 
Be  Dion-Bouton 

De  Boisse 

De  Dion-Bouton 

Europ^nne 

'  lAglU  Car9. 
Peugeot 
>» 

Gillet-'Forest 

Aatomotrice 

Herald 

Impetus 

Car9, 

Chenard  &  Walcker 

Bardon 
Chenard  &  Walcker 

Bardon 
Gillet-Forest 

Hurtu 

Chenard  &  Walcker 

L*£nviable 

Hurtu 

Herald 

•• 

Regina 

Aboille 

Vinot-Deguingaud 

Turcat.M6ry 

Heavy  Cars. 

Bardon 

Mors 

»» 

f* 

»> 


Industrial  Vehicles, 

Gillet-Forest 
Prunel 

Bardon 

Peugeot 

Sage 


Gross 
in  kg. 


Carburetter. 


6 

600 

6 

580 

3 

340 

6 

600 

6 

672 

61 

969 

6i 

900 

H 

890 

5 

880 

9 

730 

8 

1,640 

12 

-^ 

10 

1,160 

5 

897 

10 

1,180 

8 

1,135 

12 

920 

9 

860 

10 

920 

12 

870 

10 

1,100 

12 

1.150 

12 

1,175 

16 

1,300 

10 

1,200 

18 

12 

1,360 

8 

1.200 

8 

1,205 

10 

1,540 

15 

1,290 

8 

1,330 

6 

1,660 

8 

1.310 

6 

2,335 

12 

4,680 

10 

2,575 

De  Dion-Bouton 

Ix>nguemare 
De  Dion-Bouton 


Peugeot 

»» 

♦t 

Sthenos 

Longuemare 

r« 
t» 

Longuemare 

Le  Blon 
Longuemare 

S.A.T. 
Gillet-Forest 
Longuemare 


Regina 

Abeillo 

Longuemare 

Turcat-M6rv 

S.A.T. 

Mors 

» 

» 


Sthenofl 
Longuemare 

Le  Blon 

Peug^t 

Sage 


Consumption  in  LitreB. 


Time. 


H.  M.  P. 

Gross. 

Ton-km. 

4-400 

0-0733 

4  55  44J 

4-440 

00764 

4  59  49i 

5-500 

0160 

5  12  9 

6-850 

00975 

6  17  26| 

11-350 

0-216 

3  7  22^^ 

5-200 

00636 

4  11  22i 

5-720 

00635 

6  25  21 

6-950 

00668 

3  42  17| 

6-500 

00738 

4  47  39^ 

6-720 

0-0920 

4  20  12 

8-600 

0-134 

3  26  3| 

tl9- 

3  69  I4i 

6-290 

00542 

4  29  591 

6-640 

007267 

5  40  3Si 

7-250 

00614 

4  18  33 

7-360 

00647 

4  7  58f 

7-700 

0-0836 

4  26  llf 

7-770 

0-0902 

6  17  23 

8-340 

0-09067 

5  56  26{ 

•800 

0101 

5  4  25f 

9160 

00832 

3  40  3| 

9-700 

0-0842 

5  67  23| 

10-650 

009064 

6  32  40i 

10-750 

0H)825 

6  12  15i 

11-770 

0-098 

13-600 

— 

4  25  dO| 

14-300 

0-106 

3  16  33^ 

7110 

00592 

5  3  461 

8-600 

0-0713 

4  38  56| 

11-170 

007254 

5  45  56 

11-430 

0-088 

4  47  18| 

tl8-700 

0-140 

6  2  8 

Useful 
Weight 
carried 
inkR. 

910 
626 


1-540 
2-900 
1-364 


Gro^s. 


Ton- 
kilom. 


8-700  I  0-0873 
13-610  ,  0-103 

I 

6-960  00496 
13-750  0-0489 
11-  0-0714 


for  «0  km. 


5  28  36i 

6  10  20| 

4  39  34i 

4  29  27t 

5  39  121 


•  60  per  cent,  alcohol  mixture,  all  other  vehicles  used  petrol,      t  Leaking  reservoir. 
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CHAPTER    XXIII. 

APPLICATIONS,   EFFICIENCY,   AND    FURTHER    PROGRESS    OF    THE 

AUTOMOBILE. 

Following  after  the  instructive  records  just  given,  this  chapter 
may  well  be  concerned  with  a  review  of  the  special  applications^  of 
the  three  agents  of  mechanical  road  locomotion — steam,  petrol, 
and  electricity. 

Steam  cars,  as  has  been  said,  are  more  rapid  than,  but  not  yet 
as  cheap  as,  horses  for  conveyance  of  ordinary  goods,  though  they 
can  provide  regular  passenger  services  on  good  roads  with  greater 
comfort  and  much  more  quickly  than  horses,  and  still  leave  a 
certain  profit  for  the  contractors ;  in  fact,  a  number  of  such  services 
has  been  established.  The  relative  costs  of  horse  and  steam 
traction  must  vary  with  the  nature  of  the  work  required  to  be 
done ;  and  in  the  carriage  of  heavy  materials  in  continuous  jobs  it 
is  quite  probable  that  steam  cars  would  prove  cheaper  than 
horses. 

The  recent  great  development  and  the  remarkable  progress  of 
heavy  steam  cars  in  England  are  recorded  in  Chapter  XVII.,  whilst 
the  tables  in  Chapter  XXII.  show  excellent  performances  of  these 
types  of  cars.  These  are  no  longer  experimental  vehicles,  and 
their  convenience,  economy  and  reliability  are  being  recognised 
more  and  more.  Motor  traction  is  well  adapted  for  carrying 
supplies  to  forts,  etc.,  and  for  the  transport  of  other  heavy 
war  material. 

The  hght  steam  runabout  car  typified  by  the  Locomobile, 
Toledo,  Weston  and  other  American  productions  has  made 
astonishing  progress  during  the  past  year  or  so,  and  its  worth 
has  been  proved  again  and  again  under  the  most  severe  conditions 
of  road  traction.  Records  of  what  it  has  accomplished  have 
been  given  already.  Perhaps,  however,  there  is  more  interest  in 
the  more  complicated  vehicles,  such  as  the  Gardner-SerpoUet, 
White,  Chaboche,  and  Miesse  cars,  which  are  still  in  a  state  of 
development,  although   they  have  already  done   highly  satisfactory 
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service.      There    is   no    doubt    that    steam'   is    now    a    formidable 
and  progressive  rival  of  petrol  for  road  locomotion. 

The  petrol  tricycle  and  quadricycle,  made  accessible  by  their 
comparatively  low  price,  are  by  far  the  most  commonly  employed 
automobiles  if  bicycles  are  ignored ;  and  they  are  both  serviceable 
and  durable.  There  is  no  doubt,  however,  that  the  motor  bicycle 
has  made  a  successful  bid  for  popularity,  and  will  have  a  marvellous 
future.  It  is  cheap,  and  as  a  rule  serviceable,  and  its  reliability 
becomes  a  matter  of  greater  certainty  as  time  goes  on. 

The  petrol  car  is  the  best  form  of  touring  car ;  it  enables  very 
long  journeys  to  be  made  at  comfortable  speeds  and  moderate 
cost.  Compulsory  stoppages  usually  are  of  short  duration,  and  their 
number,  excepting  those  for  repairing  tyres,  is  very  small.  Tj^re 
troubles  are  the  great  bugbear,  but  even  these  are  diminishing. 
The  very  greatest  service  can  be  rendered  to  the  industry  by  the 
promotion  of  tyre  trials,  such  as  the  one  recorded  on  pp.  794  and  795. 

Already  the  petrol  car  is  employed  on  an  extensive  scale,  and 
its  progress  has  been  and  will  be  very  rapid.  The  light  car  or 
voiturette  has  rendered  good  service.  Big  and  high-powered  cars 
are  expensive  in  price,  repairs,  and  consumption,  and  consequently 
remain  too  much  in  the  hands  of  rich  persons.  Numerous 
buyers  could  be  found  for  a  vehicle  with  two  places,  weighing  hardly 
300  kg.  (660  lb.)  empty,  running  from  20  km.  to  25  km.  (12'4.  miles 
to  15o  miles)  per  hour,  and  costing  only  £120.  Unfortunately,  low 
prices  are  more  difficult  in  such  a  case  than  in  that  of  a  large  car, 
owing  to  the  useful  load  bearing  such  a  big  proportion  (nearly  one- 
half)  to  the  dead  load,  whereas  it  is  often  only  onerthird  or  a  quarter 
in  the  larger  car.  But  still,  in  the  1903  Reliability  Trials  (the  judges* 
awards  in  which  are  awaited  as  this  work  goes  to  press)  there  are 
twenty  cars  declared  at  a  selling  price  of  less  than  £200,  and 
manufacturers  are  doing  their  best  to  meet  the  need  for  a  cheap 
and  trustworthy  light  petrol  car.  The  miniature  Velox,  sold  at 
£125  and  weighing  203  kg.  (4  cwt),  is  an  example  of  what  caa 
be  done  in  this  direction. 

Dispensing  with  water- cooling  would  simplify  the  structure  of 
the  car,  but  there  is  not  much  hope  of  this  being  accomplished 
yet  awhile.  The  Lanchester  system  of  air-cooling  has  proved 
successful,  however,  and  there  may  be  a  possible  general  solution  of 
the  difficulty  along  that  line. 
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Though  petrol  motors  did  not  appear  to  be  suitable  for 
heavy  goods  vehicles,  the  Milnes'  petrol  lurry,  the  de  Dietrich  petrol 
lurry,  and  some  German  lurries  have  raised  great  hopes  of 
what  may  yet  be  effected;  at  any  rate,  they  can  be  employed  for 
average  weight  vehicles  of  this  kind.  In  England  the  petrol  car  is 
coming  into  use  for  light  goods  delivery  work,  but  the  heavier 
vehicles — the  Milnes  lurry  being  almost  the  only  exception — are 
ste^m-driven. 

Electric  cars  have  a  great  future,  but  some  initial  difficulty  has  to 
be  overcome,  especially  as  regards  electric  cabs  for  public  service ;  but 
the  difficulties  are  much  less  in  the  case  of  livery  or  private  carriages, 
which  afford  the  greatest  scope  for  the  development  of  the  electric  car. 
In  any  case,  its  future  seems  assured.  According  as  accumulators  are 
made  lighter,  more  durable,  and  their  charging  easier,  the  electric  car 
will  find  its  field  of  action  greatly  increased,  for  already  it  is  the 
cleanest  and  most  comfortable  system  of  road  locomotion.  The  wide 
and  rapid  growth  of  electrical  applications  in  America  seems  to  point 
to  that  country  as  having  the  greatest  scope  for  the  development  of 
the  electric  automobile. 

As  an  instance  of  what  an  electric  automobile  was  capable  of  even 
a  year  or  so  ago,  it  may  be  said  that  the  Comte  de  Chasseloup-Laubat 
travelled  from  Paris  to  Rouen,  a  distance  of  128  km.  (79*5  miles), 
the  journey  taking  7  hrs.  15  mins.  During  the  journey  the  accu- 
mulators were  not  touched,  and  he  returned  the  same  day  to  Paris 
in  7  hrs.  32  mins.  after  recharging  them  at  Rouen.  This  car  was  not 
built  for  long  journeys,  but  rather  for  average  ones  at  full  speed  ;  it 
was,  in  fact,  the  Jeantaud  car  with  which  de  Chasseloup-Laubat  had 
made  a  kilometre  record  at  Achenes.  The  car  weighed  2,250  kg.  (4,950 
lb.)  with  its  two  passengers  and  80  Fulmen  type  B^  elements.  In 
America  a  car  weighing  1,132  kg.  (2,4904 lb.)  with  its  two  passengers 
and  448  kg.  (985*6  lb.)  of  accumulators,  has  run  161  km.  (100  miles), 
without  recharging,  in  7  hrs.  45  mins. — that  is,  at  the  rate  per  hour 
of  21  km.  (13  miles). 

What  effect  the  petrol-electric  car  will  have  can  only  be  surmised, 
but  that  it  will  have  a  great  influence  on  automobilism  in  general 
is  well  nigh  certain.  A  statement  with  regard  to  the  position  of 
the  petrol-electric  car  in  relation  to  other  traction  systems  is  given 
on  p.  347. 

Increased  efficiency  is  one    of  the   objects    towards   which   con- 


808  THE   AUTOMOBILE. 

structors  should  aim,  for  if  the  automobile  is  to  find  its  way  into  more 
general  practice,  and  more  especially  commercial  quarters,  its  con- 
sumption must  be  lessened  To  demonstrate  this,  it  will  be  useful  to 
begin  by  theoretically  calculating  what  the  efficiency  may  be  for  each 
of  the  three  agents  commonly  employed. 

The  thermal  efficiency  of  a  steam  motor  is  the  ratio  of  the  number 
of  units  of  heat  really  used  on  the  piston  to  the  number  of 
units  represented  by  the  fuel  burnt.  This  thermal  efficiency  is  itself 
the  product  of  two  factors.  One  factor  is  the  efficiency  of  the  boiler, 
this  being  the  ratio  of  the  number  of  heat  units  employed  to  vaporise 
the  water  to  those  which  existed  in  the  fuel  employed ;  this  ratio  is 
from  70  to  80  per  cent.,  30,  or  at  least  20,  per  cent,  of  the  units  being 
lost,  either  with  the  particles  which  pass  through  the  fire  grate 
without  being  perfectly  consumed,  or  with  the  smoke  which  carries 
away  some  of  the  heat.  The  second  factor  is  the  internal  efficiency 
of  the  motor ;  this  is  the  ratio  of  the  work  actually  gathered  by  the 
piston  to  that  amount  of  work  theoretically  equivalent  to  the  heat 
employed  to  produce  the  steam;  this  ratio  is  from  15  to  20  per  cent., 
85,  or  at  least  80,  per  cent,  of  the  heat  from  the  water,  therefore, 
being  wasted,  either  because  it  remains  latent  and  is  not  trans- 
formed into  work,  or  because  pressure  is  not  usefully  exerted  on 
the  piston. 

The  organic  efficiency  of  the  motor  is  the  ratio  of  the  work 
gathered  by  the  shaft  to  that  received  by  the  piston;  also  this  is 
called  indicated  work,  because  it  is  that  recorded  by  pressure  gauges ; 
this  ratio  is  equal  to  70  or  80  per  cent.,  30,  or  at  least  20,  per  cent,  of 
the  work  gathered  by  the  piston  thus  being  wasted  by  the  connecting 
rods  and  cranks  that  unite  piston  and  shaft.  Therefore,  to  obtain  the 
efficiency  of  the  motor — that  is,  the  ratio  of  work  gathered  on  the 
shaft  to  the  work  represented  by  the  heat  units  of  the  fuel  employed 
— the  product  of  the  three  elementary  efficiencies  just  defined  must 
be  foimd.  Taking  for  each  of  these  the  average  of  the  values  above 
given,  the  average  efficiency  proves  to  be  (0"750  x  01 75  x  0*750)  = 
nearly  0*1 — that  is,  10  per  cent  Dwelshauvers-Dery  estimates  that 
an  efficiency  of  15  to  16  per  cent,  can  never  be  exceeded  by  a  steam- 
engine,  whatever  may  be  the  improvements  attempt^  in  the  fire-box, 
boiler,  motor,  and  transmission  gear  to  shaft.  In  any  case,  the 
greatest  efficiency  hitherto  attained  is  13  per  cent.,  which  corresponds 
to  a  consumption  of  650  g.  (22-9  oz.)  of  coal  burnt  in  the  fire-box  per 


APPLICATIONS,  EFFICIENCY,  AND   PROGRESS,  809 

eflFective  horse-power  hour  collected  on  the  motor  shaft.  Consumption 
has  been  reduced  thus  only  with  very  powerful  engines  furnished  with 
all  the  latest  improvements,  such  as  superheated  steam,  multiple 
expansion,  energetic  condensation.  With  engines  of  shght  power  and 
designedly  simplified,  like  those  of  automobiles,  so  small  a  consump- 
tion cannot  be  reckoned  on.  Adopting  1*5  kg.  (3*3  lb.)  as  the 
consumption  per  eflfective  horse-power-hour  (this  was  realised  in  de 
Dion-Bouton    motors),  the    efficiency  of   an    automobile  motor  is 

/013  X  0-650\      AAc^     .u  *  •  1.1     c 

I  i'f\ool  ~  ^'056 — that  IS,  roughly,  5  per  cent. 

The  efficiency  of  the  car  itself  is  found  by  multiplying  the 
available  work  on  the  motor  shaft  by  the  transmission  efficiency,  this 
giving  the  work  available  at  the  wheel  tyre.  The  efficiency  of  the 
petrol  car  transmissions  tested  at  Chicago  was  not  more  than  50  per 
cent  De  Witz  states  that  it  varies  from  40  to  75  per  cent,  the 
average  being  50-  per  cent  With  steam  vehicles,  which  have  simple 
transmission  gear,  it  may  be  estimated  at  60  per  cent,  and  perhaps  70 
per  cent,  if,  as  is  sometimes  admitted,  the  absence  of  an  intermediary 
shaft  decreases  the  loss  in  transmission  by  10  per  cent  Taking  the 
highest  figures,  the  final  efficiency  of  a  steam  car — that  is,  the  ratio 
between  the  energy  utilised  at  the  tyre  and  the  potential  energy  of 
combustion — is  only  392  per  cent     This  is  really  miserable. 

In  dealing  more  in  detail  with  the  efficiency  of  petrol  cars,  there  is 
no  need  to  repeat  much  of  what  already  has  been  said  in  dealing  with 
steam.  In  the  two  elementary  factors  of  the  thermal  efficiency  the 
boiler  efficiency  has  to  be  replaced  by  that  of  the  combustion,  which 
is  simply  the  ratio  of  the  number  of  calories  disengaged  by  the 
combustion  of  the  carburetted  mixture  to  the  calories  represented 
by  the  fuel. 

It  may  be  said  at  once  that  20  per  cent  can  be  considered  the  heat 
efficiency  of  the  petrol  motor.  This  is  greater  than  in  the  steam- 
engine,  and  is  partly  due  to  the  fact  that  combustion  of  petrol  takes 
place  in  the  cylinder  itself,  whereas  the  coal  is  burnt  in  a  fire-box 
under  very  unsatisfactory  conditions.  Another  point  is  that  the 
temperature  attained  by  the  gases  produced  by  the  combustion  is 
much  greater  than  that  of  steam  (1,500^  to  1,800°  C,  instead  of 
200^  C.  (2,732"  to  3,272",  instead  of  392°  F.),  and  the  Carnot  theorem 
demonstrates  that  the  economic  efficiency  of  the  motor  increases  with 
this  temperature.   However,  automobile  petrol  motors  do  not  realise  an 
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efficiency  of  20  per  cent.  A  Daimler  motor  of  2  to  4  h.p.  gave  Prof. 
Hartmann  a  thermal  efficiency  of  11  per  cent,  and  an  organic  effi- 
ciency of  9  7  per  cent  These  figures  about  agree  with  those  deduced 
from  the  Chicago  trials.  Basing  himself  upon  them,  R  Soreau 
fixes  the  average  consumption  of  petrol  spirit  at  0870  kg. — that 
is,  1*25  L  (30*6  oz.,  or  22  pints)  per  horse-power  hour  available  on 
the  motor  shaft,  which  is  equivalent  to  a  thermal  efficiency  of  from 
9  to  10  per  cent,  and  an  organic  efficiency  of  7-3.  Since  the  date  of 
these  experiments  (Nov.,  1895)  the  construction  of  petrol  motors  has 
much  improved,  and  their  thermal  efficiency  attains,  pretty  regularly, 
16  per  cent,  this  corresponding  to  an  organic  efficiency  of  about  13  per 
cent  and  a  consumption  of  about  500  g.,  or  0*7  L  (11  lb.,  or  1*23  ps.), 
per  effective  horse-power  hour  on  the  motor  shaft 

Full  data  as  to  the  consumption  of  modem  motors  are  given 
on  pp.  783,  784,  787  and  792  of  the  previous  chapter. 

Invention  of  the  Diesel  motor  has  greatly  increased  the  efficiency 
of  internal  combustion  motors.  Diesel  maintains  that  theoretically 
the  consumption  should  fall  to  112  g.  (3*95  oz.)  per  indicated  horse- 
power hour,  which  would  correspond  to  a  thermal  efficiency  of  75  per 
cent.  In  any  case,  it  has  been  shown  that  the  20-h.p.  Diesel  motor  has 
given  34  to  35  per  cent,  in  full  charge,  38  to  40  per  cent  half  charge 
as  thermal  efficiency,  and  75  and  59  per  cent,  as  mechanical  efficiency, 
which  brings  the  total  for  effective  efficiency  to  25  per  cent 
in  full  charge  and  22  per  cent  half  charge.  The  corresponding  con- 
sumption of  petrol  spirit  is  240  g.  (8*46  oz.)  per  horse-power  hour 
on  the  shaft  for  full  charge  and  277  g.  (9*76  oz.)  for  half  charge. 
Hitherto  the  best  stationary  petrol  engines  have  consumed  from 
300  g.  to  400  g.  (10-58  oz.  to  141  oz.).  Thus  the  desirability  of  the 
adoption  of  the  Diesel  motor  for  cars  is  evident. 

For  the  efficiency  at  the  tyres  of  the  road  wheels  the  total 
efficiency  of  the  motor  (taken  as  13  per  cent)  must  be  multiplied  by 
that  of  the  transmission,  namely,  50  per  cent  Therefore,  not  more 
than  6  or  7  per  cent,  of  the  energy  of  the  petrol  spirit  is  actually 
turned  to  account,  and  from  93  to  94  per  cent  is  wasted  ;  this  is  not 
much  better  than  with  steam. 

With  regard  to  electric  automobiles,  it  is  assumed  that  the 
electricity  is  generated  in  works,  as  is  usually  the  case,  provided  with 
improved  steam  engines  whose  efficiency  can  be  taken  as  10  per  cent 
The  efficiency  of  the  dynamo — that  is,  the  ratio  of  the  mechanical 
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work  supplied  to  it  to  the  electric  energy  it  produces — should  be 
75  per  cent,  at  least,  80  per  cent,  according  to  Hospitalier.  The 
efficiency  of  the  accumulators  cannot  be  taken  as  more  than  75  per 
cent.,  and  that  of  the  electric  motor  which  they  run  is  at  least  75  per 
cent. ;  according  to  Hospitalier  the  electric  motor  efficiency  is  from 
80  to  88  per  cent.,  the  average  being  84  per  cent.  The  efficiency  of 
the  transmission  gear  from  the  electric  motor  to  the  wheels  according 
to  the  Chicago  trials  may  be  estimated  at  70  per  cent.,  though 
Hospitalier  says  90  per  cent.  The  final  efficiency  (ratio  of  energy  at 
the  wheel  tyres  to  that  of  the  coal  burnt  in  the'  fire  box  of  the  steam 
engine  driving  the  generating  dynamos  at  the  charging  works)  is  3*9 
per  cent,  at  the  lowest  and  4*5  per  cent,  according  to  Hospitalier. 
This  efficiency  occupies  a  .place  between  steam  and  petrol.  However, 
electricity  makes  it  possible  to  employ  water  power,  a  natural  power 
which  costs  hardly  anything,  instead  of  costly  coal.  It  may  be 
remarked  that  the  cost  of  current  constitutes  only  a  small  item  in 
the  cost  of  electric  locomotion. 

The  efficiencies  just  worked  out  are  deplorable,  but  yet  these  are 
scarcely  exceeded  in  practice  and  are  even  rarely  attained.  From  an 
experiment  which  lasted  eight  months  and  dealt  with  a  distance  of 
7,700  km.  (4,784*6  miles),  Michelin  considered  that  for  a  de  Dion- 
Bouton  steam  brake  with  six  places,  weighing  2,050  kg.  (4,510  lb.) 
when  loaded  ready  for  the  road,  the  average  speed  per  hour  being 
16  km.  (99  miles),  the  kilometric  consumption  might  be  fixed  at'55d. 
worth  of  coke;  at  £1  8s.  per  ton  this  means  175  kg.  (3"85  lb.), 
equivalent  to  13,125  calories  (51,052  B.H.U.)  and  5,578,125  kgm.  (nearly 
40,350,000  ft.-lb.).  Now  according  to  the  published  tables  of  Julien 
and  Borame,  the  useful  effort  that  is  exerted  tangentially  at  the 
tyre  on  a  level  at  an  hourly  speed  of  16  km.  (99  miles)  is  90  kg. 
(198  lb.)  for  a  car  of  2,500  kg.  (5,500  lb.).  Thus  the  number  of  kgm. 
(723  ft.-lb.)  expended  per  km.  (62  mile)  is  90,000  and  the  efficiency  at 

90,000  ,  .  rr,,  .  1        ,  , 

the  tyre  =  0016,  that  is  1'6  per  cent.     That  is  on  the  level; 

O,  I  0\),L^0 

considering  the  road  to  have  a  continuous  rising  gradient  of  4  per 
cent,  in  this  case  the  tangential  effort  would  be  190  kg.  (418  lb.) 
instead  of  the  90  kg.  on  the  level.  The  efficiency  then  would  be 
twice  as  great,  namely,  0032,  or  3*2  per  cent.,  but  this  is  less  than  the 
value  calculated.  It  need  not  be  reinarked  that  the  brake  has  not 
always  to  run  under  full  charge,  and  that  under  ordinary  conditions 
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it  has  not  by  any  means  to  travel  along  a  road  with  an  average 
gradient  of  4  in  100. 

Petrol  gives  better  results.  A  catalogue  dated  April  15th,  1898, 
published  by  the  Peugeot  firm,  gives  0'57d.  to  0*855d.  as  the  cost  of 
running  a  car  with  a  4  to  6  kp.  for  a  kilometre.  Reckoning  petrol 
spirit  at  3-8d.  per  1.  of  700  g.  (l7-3d.  per  gall,  or  2-46d.  per  lb.)  the 
0'855A  given  by  the  Peugeot  firm  corresponds  to  157  g.  (5*5  oz.), 
which,  admitting  a  power  of  11,000  calories,  represents  0157  x  11,000 
=1,727  calories  and  (1,727  x  425)  733,975  kgm.  (about  5,309,000  ft.-lb.). 
Suppose  that  the  6-h.p.  car  weighs  one  ton  with  passengers  and  runs 
30  km.  (18*64  miles)  per  hour  on  a  level ;  the  corresponding  tangential 
effort  is  51  kg.  (112*2  lb.);  therefore  the  work  expended  is  51,000  kgm. 

(nearly  369,000  ft.-lb.)  per  km.  (62  mile),  and  the  efficiency  733 975 

is  a  little  less  than  7  per  cent.  Other  and  more  modern  examples 
can  be  worked  out  from  the  data  given  in  the  previous  chapter. 

Concluding  remarks  can  have  for  their  subject  the  progress  to  be 
aimed  at.  Of  the  first  importance  is  increased  efficiency,  and  in 
obtaining  this  in  the  petrol  car,  that  is  to  say,  in  assuring  better 
employment  of  the  carburetted  mixture,  one  of  its  greatest  incon- 
veniences, the  unpleasant  odour,  will  be  prevented  to  a  large  extent. 
In  this  respect  the  improvement  of  the  motor  is  allied  closely  with 
that  of  the  carburetter,  which  shoula  be  made  a  subject  of  study, 
particularly  with  regard  to  its  better  adaptation  to  each  tj^e  of  motor. 
The  progress  typified  by  the  design  of  the  Krebs  carburetter,  pro- 
duced by  the  Panhard  firm  and  described  on  pp.  141  to  144,  may 
be  referred  to  by  way  of  note.  The  respective  influence  of  each 
quality  of  petrol  spirit  is  another  point  claiming  attention,  and 
the  variations  in  quality  of  the  petrol  put  on  the  market  during 
the  last  twelve  months  lend  additional  importance  to  this. 

Without  abandoning  the  petrol  motor,  there  must  be  an  en- 
deavour to  give  it  elasticity.  The  want  of  elasticity  in  a  petrol 
motor  is  due  to  the  two-fold  fact  that  the  same  amount  of  car- 
buretted mixture  is  admitted  at  each  suction  stroke,  the  volume  of 
the  cylinder  being  constant,  and  the  proportion  of  this  mixture  can 
hardly  vary  because  the  proportions  of  the  mixture  and  the  degrees 
of  its  compression  which  ensure  efficiency  are  very  limited  The 
Krebs  carburetter  and  the  Chenard  and  Walcker  and  Soames 
regulating  devices  have  improved  matters  greatly. 
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Other  desirable  improvements  in 
obviate  the  necessity  of  using  cooling 
easier.      The   Lanchester    firm   find 
successful,   and  with    regard  to   start  [ 
greatest  simplicity  on  petrol-electric    : 
The  eflSciency  of    transmission  need; 
be  made  the  object  of  comparative  <  \ 
according   to   the   Chicago  tests,  is      < 
petrol  cars.     This  is  rather  low,  thoug  . 
conclusive  tests  to  specify  the  relative  ' 
transmission,  which  comprise  toothed   \ 
chainless  systems.    A  very  gradual  cha  i 
as  long  as  there  is  not  a  mechanical  m 
with   the  complex   part   that   this   o;  < 
attention  is  being  devoted  in  this  c 
that    effort  is  so  often  expended    ir 
plate    systems    whose    inefficiency   ai  \ 
commented  upon    already.     The  calc  i 
that  the  motive  power  given  to  an  1 1 
upon  unreliable  bases.     In   the    fora  i 
strains  there  are  very  dubious  numeri  t 
friction  in  the  axle-boxes,  of  the  whee  i 
mission  gear,  resistances  due  to  bad  r; 
it  would  be  of  general  advantage  if  th  \ 
Long  ago  Deprez  explained  the  methn 
friction,  and  for  other  cases  Forestier  1 
the  employment  of  Desdouits'  djnaamor 
car  previously  furnished  with  a  suffici<! 
With  regard  to  wheels,  there  cannot 
respecting  setting  and  dishing,  their  f 
with  chain  traction,  their  effect  in  turii 
diameter,  the  material  for  making  spo! 
the  inflation  of  pneumatic  tyres.    Unti! 
steering  gear,  but  Bourlet  seems  to  hii 
p.  438).    And  there  are  other  obscur* 
struction,  each  of  which  demands  speci 
be  made.    It  was  stated  three  years    i 
as    the    most    improved    would    in    tl 
years  be  looked  upon  as  being  barbar( 
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good  in  the  case  of  motor  cars  produced  within  the  last  twelve 
months  ? 

What  remains  to  accomplish  in  the  construction  of  automobiles 
should  not  prevent  a  recognition  of  the  importance  of  what  ab*eady 
has  been  done  in  the  short  period  of  time  since  the  renaissance  of 
motorism.  The  automobile  is  a  practicable  road  vehicle,  whose 
compulsory  stoppages  on  the  road  tend  to  become  exceptions  due  to 
disorder  in  the  ignition  system,  a  hitch  in  the  working  of  the  pump, 
punctured  tyre,  etc.,  all  these  being  so  many  causes  of  stoppage  which 
can  easily  and  even  rapidly  be  set  right.  All  the  signs  of  the  times 
go  to  prove  that  automobilism  will  enter  completely  into  the 
customs  of  the  day. 
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Darracq  Driving,  433 

De  Dlon-Bouton  Driving,  434 

Driving,  429 

Duryea  Two-pivot,  435 

Friction,  353.  431 

Gondefer  Ball  Bearing.  432 

Uannoyer  Ball  Bearing,  432 

Iron,  429 

Journals.  429 

,  ••  Set."  430 

Lemoine,  433 

Lenkensperger  Two-pivot,  435 
Lubrication,  430 
Nickel  Steel.  429 

fimonds  Ball  Bearing,  432 
kidding  due  to,  428 
Steel,  4^ 
Steering.  428.  429 
Straight.  429 

Tlmken  Roller  Bearing,  432 
Two-pivot,  434 
Vermot  Ball  Bearing,  432 
Weldless  Steel  Tube,  429 


Ayrton  Tricycle,  18 


B 


Bacon,  Roger.  1 

Ball  and  Pozzi  Springs.  476 

Baker  Electric  Runabout,  706 

Racing  Car.  707 

Steering  Gear,  708  ^      ,„ 

Traction    Resistance   Experiments,    353 

Balbi  Carburetter,  114  ^ 

Baldwin  Dynagraph,  356 

Ball  Bearing  Steering  Axles,  432 

Bearings,  430 

-,  Friction  of,  430 
-,  G.  Richard  on.  430 

,  Traction  Reslstanee  of.  430,  432 

Balls  in  Bearings,  Crushing  Resistance  of,  430 
Ballln  Wheel,  473 
Banca  Steam  Turbine,  3 
Band  Brakes,  480.  492 

.,  Advantages  of.  494 

,  D^schamps.  606 

,  Humber,  492 

,  Wolseley  Countershaft,  491 

Bankl  and  Csonka  Automatic  Igniter,  190 
Bardon  Petrol  Car,  665 
Motors,  264 

Speed-change  Gear,  415 

Bartlett-Clincher  Pneumatic  Tyre,  467 
Bass^e-Mlchel  Coll,  174 

Ignition  Plug,  176 

Wet  Battery.  166 

Bat  Motor  Bicvcle.  758 
Battery  (we  aUo  Accumulator) 
,  Bass^e-Mlchel.  166 

Bloc.  167 

EtoUe,  167 

Hospitaller  on,  299 

Leclanch6,  168 

,  Primary,  Consumption  of.  299 

Bayley  Steam  Lurry,  512,  525-527 
Bearings,  Ball  (»«•  Ball  Bearing) 

.  Lubricating,  601 

,  Tlmken  Roller.  432 


Beau  de  Rochas  Four-stroke-cycle.  156 
Beaufort  Petrol  Car,  598 
Begble-Audln  Radiator,  196 
Beguin  Wheel,  473 
Belglca  Petrol  Motor.  253 

Speed-change  Gear,  400 

Bell  Crank  Steering  Gear,  442 

Belle  One-cylinder  Petrol  Motor.  253 

Petrol  Volturette,  596 

Speed-change  Gear,  419 

Belsize  Petrol  Car,  624 
Motor,  161 

Speed-change  Gear,  393 

Belt  Transmission  Gear,  368 

Belvalette  Ball  Bearing  Steering  Axle,  432 

Benolt  Chain.  383 

Benz  Carburetter,  HI 

1886  Petrol  Car.  18 

Petrol  Motor,  236 

Speed-change  Gear,  394 

Wheel  Couplings,  438 

Benz-Parslfea  Petrol  Car.  623 
Benzine  Motors,  38 
Bergmann  Electric  Ignition,  173 
Bernardi  Igniter  190 

Bersey  Electric  Oars,  714 
Berthelot  on  Acetylene.  27 
Bevel  Wheels,  Lubricating,  501 
Blchrone  Motor  Bicycle,  757 
Bicycle,  Motor,  Advantages  of.  751 

Altena,  756 

Bat,  758 

Blchrone,  757 

Bowden  W^es  for,  752 

Bradbury,  755 

Calvert,  756 

Canada.  756 

Celerlpede,  759 

Clarendon,  756 

Clement-Garard,  755 

Clyde,  756 

Crypto,  758 

Daimler,  751 

Davison,  758 

Fabrlque-Natlonal  (F.N.).  7S6 

Frames  for,  753 

Gamage,  758 

Hamilton,  760 

Holden.  763 

Humber,  756 

Ixlon,  760 

Jesmond,  758 

Kerry,  756 

King,  759 

Mersey,  760 

Minerva,  754 

Morris,  756 

New  Gentury,  756 

Orient,  757 

Ormonde,  760 

Osmond,  757 

Princeps,  760 

Quadrant,  756 

Quand-M^me,  760 

Rex,  759 

Royal,  758 

Royal  Enfield,  754 

Royal  Sovereign,  757 

Singer,  755,  7® 

Weller,  758 

Werner,  754 

WolfmuUer.  752 
Motor,  Buchet,  252 

De  Dlon-Bouton,  278 

Humber,  282 

Ixlon,  760 

Minerva.  280 

Slmms.  226 
Blaxton  Flash  Boiler,  70 
Bloc  Battery,  167 
Block  Chain,  382  ^^ 

Blot-Fulmen  Accumulator.  309 
Bodies.  483-486 
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Bodies,  AvoidlDg  Large  TraosYersal  Surface  of, 
484 

,  Bevelled  Glasses  in  Front  of,  484 

,  Partlnium,  484 

,  Shapes  of.  483,  484 

Bogard  Electric  Dogcart,  683 

Boiler,  Amed^e  Bolide  Water-tube,  46 

Blazton  Flash  70 

Brightmore  Fire-tube,  41 

Burners  for  (m«  Burners) 

Burstall  and  Hall.  6,  7 

Chaboche  Flash,  69 

Chelmsford  Fire-tube,  43 

Church,  13 

Coulthard  Fire-tube,  40 

Dance.  9 

De  Dion-Bouton  Water-tube,  49 

Efficiency  of,  806 

Elasticity  of,  340 

Ether  Instead  of  Water  for.  20 

Field  Water-tube,  48 

Fire-tube,  38 

Firing,  with  Coal,  343 

, Oil,  343 

Flash,  61 

,  Objections  to,  61-63 

Freadley  Water-tube,  66 

Gardner-Serpollet  Flash,  60-66 

Glbbs,  13 

Gillett  Water-tube.  56 

Griffiths,  5 

Hancock,  10,  11 

House  Fire-tube,  42 

Inconveniences  of,  343 

James,  6 

Johnson,  76 

Kdcheur,  76 

La  Nouv0lU  Water-tube,  46 

Lenoir,  17 

Leyland  Fire-tube,  38 

Llfu  Water-tube,  54 

Hacerone  and  Squire,  12 

Maudslay  and  Field,  9 

Montler  and  Glllet.  76 

Masker  Flash,  67 

N*gre  Flash,  74 

Wat«r-tube,  52 

Ofeldt.  58 

Ravel  Water-tube,  46 

Kequirements  of,  39 

Kowan  Water-tube,  49 

Salamandrlne  Water-tube,  58 

Scotte  Water-tube,  46 

Serpollet,  17.  60-66 

Simpson  and  Bodman  Flash,  66 

Spencer  Water-tube,   56 

Tangye,  76 

Thermal  Efficiency  of,  808 

Thornycroft  Water-tube,  53 

Thirion  and  Durenne  Water-tube,  49 

Toledo  Water-tube,  57 

Toward  and  Phllipson,  76 

Tubular,  39 

Tijrgan  Water-tube,   52 

Valentin.  76 

Water-tube,  39 

Weidknecht  Water-tube,  51 

Weight  is  Disadvantageous.  340,  342 

Westlnghouse  Water-tube,  40 

Weston  Water-tube,   57 

White  Tubular,  72 
Bolide  Ignition  System,  183 
BoUee  (tee  alto  Darracq) 

Boiler,  46 

Brakes,  488 

Chain  Steering  Gear,  440 

Ignition  Burner,  188 

Steam  Car,  17 

Motor,  83 

Volturette  Frame,  482 

Wheel  Couplings,  438 

Bosch  Electric  Ignition,  170,  253 
Bouquet-Garcln-Schlvre   Accumulator,   303 

AAA 


Bouquet-Garcin-Schivre  Electric  Car,  714 

Motor,  330 

Bourdon  Multiple  Lubricator.  506 
Bourdon-Weidknecht  Steam  Motor,  99 
Bourlet  Steering  Axle,  438 

on  Steering  Gear,  439 

Bouvier-Dreuz  or  Dorey  Carburetter,  131 
Bowden  Wires,  Operating  Bicycle  Motor  with, 

752 
Box,  Axle  (Me  Axle  Box) 
Bradburv  Motor  Bicycle,  755 
Brake^  Body  of,  484 

,  De  Dlon-Bouton  Steam,  811 

Brakes,  Action  of,  487 

Band,  490,  492 

J  Advantages  of,  494 

Bolide,  488 

Brooke     491 

Chenard-Walcker  Clutch  and.  496 

Columbia  Crown,  726 

Darracq,  496 

D^schamps  Band.  606 

Double-acting,  490 

Electric,  362,  684 

Motor  used  as,  339 

Hautier,  494 

Humber  Band,  492 

James  and  Brown  Shoe,  490 

Jeantaud  Bope,  485 

Krebs,  496 

Lemolne  Rope,  494 

Monnard,  716 

Morrlsse,  488 

Prescott  Steam  Car,  492 

Pulley,  490 

Renault,  493 

Rope,  494 

Shoe,  488.  489 

Shoe-to-tyre,  488 

Soames,  665 

Tests,  Prony,  360 
,  Rope,  del 

Trials,  Automobile  Club,  781 
,  Philadelphia,  782 

Velox    497 

Weidknecht  Rope,  494 

Wolseley  Band,  491 
Shoe,  489 
Bramah's  Works,  5 
Brampton  Chain.  383 

Lubricated  Chain,  384 

Bramwell,  Sir  Frederick,  9 
Brazier-Richard  Speed-change  Gear,  394 
Brightmore  Fireiube  Boiler,  41 

Steam  Lurry,  532 

Brillid  («M  alMO  Gobron-Brillid) 

Distributor-carburetter.  139 

Epicycloldal  Steering  Gear.  443 

British  Electromobile  Co.  Electric  Car,  698 
Bronze  Axle  Box,  430 

Brooke  Brake.  491 

Frame,  482 

Governor,  256 

Petrol  Car,  694 

Speed-change  Gear,  396 

Three-cylinder  Motor,  254 

Brouhot  Four-cylinder  Motor.  248 

Pawl  and  Ratchet,  2,  663 

Petrol  Gars,  652 

Transmission  Gear,  380,  653 

Brunler  Continuous  Lubricator,  503 
Brunton,  6 

Brush  Four-cylinder  Motor,  230 

Frame.  482 

Ignition  System,  800 

Petrol  Cars.  599 

Two-cylinder  Motor    229 

Bubbling  Carburetter,  110 
Buchet  Bicycle  Motor,  252 

. Four-cylinder  Motor,  161,  253 

Buck  Carburetter,  114 
Buckboard,  Orient,  650 
Bunsen  Burner,  77 
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Buffer  Solid  Tyre.  459 
Burner.  Blaxton,  70 

for  Boilers,  77 

.  BolUe  Ignition,  186 

,  Chaboche,  89 

,  Clarkson  and  Capel.  43 

Improved,  43 

Creek  or  Cremorne.  78 

Gardner-Serpollet,  65 

GulUou  Ignition    187 

Longuemare  Boiler,  75.  78 
Ignition,  186 

,  Musker,  68 

,  N^gre,  75 

,  Prescott.  81 

,  Valentin,  75 

.  White.  74 

Bur  stall    And    Hall    Steam    Car.    Boiler    and 

Motor.  6 
'Bufi  i»M  Omnibus) 
Butyl  Alcohol.  38 


••C.  and  J."  Pneumatic  Tyre,  467 
Cab,  Jenatzy  Electric,  697 
Calcium  Carbide.  27 
Calorific  Value  of  Acetylene,  27 
Alcohol.  30 
Coal.  19 
Petroleum,  20 
Petrol  Spirit,  20 
Calvert  Motor  Bicycle,  IbB 
Canada  Motor  Bicycle,  756 
Canterburv  Petrol  Car.  BOa 
Capel  Carburetter.  134 
Car  (»#«  Electric,  Petrol,  Petrol-electric,  Steam, 

et<5.) 
"Carbolite,"   27 

Carbonic  Acid  Gas  as  Motive  Agent,  24 
Motor.  Francq.  25 
-,  March ena.  25 

.   Roberts,  25 

Carburetted  Acetylene,  28 
Carburetter,  108 

AbeiUe,  129 

Ariel.  622 

Aster.  Ill 

Atomising,  117 

Balbl.  114 

Benz.  Ill 

Bouvier-Dreux,  131 

Bubbling.  110 

BriUl^  Distributor,  139,  246 

Buck.  114 

Capel.  134 

Carlton,  155 

Chauveau,  12^ 

Creek.  134 

Daimler,  119 

Daimler-PhGanlz,  118 

Dawson,  148 

De  Dietrich,  135 

De  Dion-Bouton  Atomising,  119 
Surface.  110.  277 


De  Retz.  M9 
Dory,  131 
Duryea,  134 
English-Daimler.  119. 
Faure.  148 

Surface,  113 

Fillet.  145 
Fire  Risk  with,  155 
Friedman,  117 
Gautler,  138 
Gautler-Wehrl6.  125 
General  Remarks  on,  154 
Gibbon.  147 
GiiUt-Forest.   150 
GobronBrllli^.  139.  246 
Henrlod  Distributor.  138 


Carburetter,  Huzelsteln.  131 

,  Johnston,  134 

,  Jupiter,  131 

,  Klaus,  138 

,  Knapen,  134 

,  Krebs,  141-144 

,  Lanchester  Wick,  116 

,  Lepape,  130 

,  Longridge  on,  144,  153 

,  Longuemare,  122,  123 

,  Loyal,  130 

,  Lufbery,  112 

.  Martha.  148 

,  Minerva  Bicycle,  119 

,  Mors,  126 

,  Moorwood-Bennet,  151 

,  Oldsmobile,  140 

,  PaplUon,  114 

.  Petr^ano.  112 

,  Petroleum,  109 

,  Peugeot.  128 

,  Pope,  111 

.  Pr6tot,  133 

,  Richard,  126 

,  Rlchard-Benz,  136 

,  Root'6  Experiments  with,  144 

,  Roubeau,  150 

,  Roussr  de  Sales  or  Sales  and  Draby,  113 

,  Singer  Motor  Bicycle,  137 

,  Sthenos,  121 

,  Surface,  111 

,  Tauzin,  114 

,  Tenting.  Ill 

,  Wick,  114 

Carlton  Inlet-valve  and  Carburetter.  155 
Caro  on  Carburetted  Acetylene.  28 
Carpentier-Meunier  Radiator,  197 
Carrett  and  Marshall  Road  Steamer,  15 
Cart.  Mann  Steam,  530 
C^stellane-Nlce  Race,   769 
CaUlytic  Ignition.  189 
Cee  Springs,  475 

,  Hannoyer,  476 

Celeripede  Motor  Bicycle,  759 
Cementing  Tyres,  459 
Centaur  Electric  Car.  330 

Centaure  («m  alto  Pantiard  and  Levassor) 

Commutator,  218 

Four-cylinder  Motor.  213-218 

Ignition  Dynamo,  217 

Motor  Steel  Cylinders.  192 

Three-cylinder  Motor.  216 

Triple-induction  Valve,  163 

Chaboche  Flash  Boiler.  68 

Steam  Car,  562,  805 

Superheated  St«am  Motor.  563 

Transmission  Gear,  564 

Chain,  Benoit.  383 

,  Block,  382 

,  Brampton.    383 

Lubricated,  384 

Breakage  of,  385 

Dimensions  of,  383 

Driving.  Advantage  of,  385 

Jacquet-Bordet.  384 

Lubricating.  501 

Renolds.  384,  396 

Roller,  382 

Steering  Gear,  Bolide.  440 

-^-  .  Delahaye,  441 

Priestman -Wright.  441 

.  Transmission    382-386 

Chain-belt.  Foulllaron  Leather,  423 
Chainless  Systems,  385 
Chameroy  Pneumatic  Tyre,  471 
Change-speed  Gear  («m  Speed-change  Gear  and 

Transmission  Gear) 
Charging  Accumulators,  317,  727 
Charron-Glrardot- Volet  Friction  Qutch.  374 

Four-cylinder  Motor,  251 

Eight-cylinder  Motor.  252 

Petrol  Car.  601 

Chauveau  Carburetter,  124 
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Chelmaford  (m«  alto  Clarkson-Capel) 

Burner,  44 

Fire-tube  Boiler,  43 

Steam  Car,  549 

Motor,  84 


Trausmlsslon.  367 


Chenard-Walcker  Brake  «nd  Clutch.  496 

Petrol  Car,  601 

Regulation  System,  237-241 

Twin-cylinder  Motor,  237 

Cbenevler  Fluidity  Indicator  for  Lubricating 
Oils,  501 

Chertemps  and  Turr's  Acetylene  Experiments, 
21,  29 

Cheyalet's  Suggestion  for  Diminishing  Ex- 
haust Odour,  207 

Chicago  Trials.  766 

Church  Boilers,  12,  13 

Steam  Coaches,  12,  13 

Circuit  des  Ardennes  Ra«e,  790 
Circuit  du  Nord  Race,  787 

City  and  Suburban  Electric  Car,  700 

Petrol-electrlo  Car.  746 

Clarendon  Motor  Bicycle,  756 
Clark  on  Wheel  Diameter,  365 
Clarkson-Capel  («••  alto  Chelmsford) 

Burners,  43 

Steam  Lurry,  512,  524 

Motor,  97 

Claude  and  Hess  on  Liquid  Acetylene,  28 
Clement  Petrol  Car,  625 
Clement-Gktrard  Motor  Bicycle,  755 
Cleveland  Electric  Car.  727 
Clincher  Solid  Tyre,  459 
Cllncher-Bartlett  Pneumatic  Tyre,  467 
Cllncher-Mlchelin  Pneumatic  Tyre,  467 
Clipper-Continental  Pneumatic  Tyre,  467 
Clutch,  Ader,  371 

,  Charron-GIrardot-Voigt,  374 

,  Chenard-Walcker,  496 

,  Crab.  369 

,  De  Dietrich,  372 

.  Hautler,  633 

,  Hall  Hydraulic,  377 

.  Hele-Shaw,  376 

,  Hersohmann  Hydraulic,  377 

,  Jaw,  369 

,  James  and  Brown,  372 

,  Jenatzy-Martlni  Magnetic,  377 

,  Krebs  Magnetic.  377 

,  Megy,  377 

,  Mercedes,  373 

,  Panhard  and  Levassor,  370 

,  Patln,  427 

,  Plat,  375 

,  Renault.  391 

,  Three-plate  Friction,  674 

.  Turcat-M6ry,  372 

Clvde  Motor  Bicycle,  756 
Coal,  Calorific  Value  of,  19 

Firing,  343 

,  Steaming  Power  of,  341 

Coil.  Bass^e-Mlchel.  174 

,  Ruhmkorff,  165 

Colls,  Ignition.  174 
Collier  Pneumatic  Tyre,  467 
CoUinge  Axle  Box.  430 
Columbia  Crown  Brake,  726 

Electric  Cars,  723-726 

— ' Controller.  726 

Steel  Tubular  Frame,  723 

Steering  Gear,  723 

Transmission  Gear,  428 

Compagnie  des  Haute  -  Fourneaux  Spiral 
Springs,  476 

Compagnie  Francaise  des  Voitures  Automo- 
biles Electric  Car.  713 

Comi>agnie  G6n6rale  des  Automobiles,  365,  478 

Compagnie  G^n6rale  des  Omnibus,  693 

Compound  Tyres,  462 

Compressed  Air  as  Motive  Agent,  21 
Car,  Du  Motay,  22 
-,  Fordham,  22 

A  A  A   2 


Compressed  Air  Gar,  Mann,  22 

-,  Molas,  Lamielle  and  Tessier,  23 
-,  Weight,  etc.,  of,  24 
-,  Wright.  22 

Motor,  Hartley,  22 

Tricycle,  Hartley,  22 

Contal  Electric  Oar.  701 

Motor,  702 

Controller  for  Electric  Car,  334-336 

,  Compagnie  Fran^alse  des  Voitures  Auto- 
mobiles, 713 

,  Compagnie  Fran^aise  des  Voitures  Elec- 

tromoolles,  713 

,  Columbia  Electric,  726 

,  Hospitaller  on,  687 

,  Jenatzy,  688 

,  Jeantaud,  704 

,  Krleger,  705 

,  Vedovelli-Priestley,  719 

,  Waverley,  711 

Consolln  Lubricator,  503 

Consumption  Trials.  778,  782-784,  804 

Cooling  Petrol  Motors,  810 

Corlolls  on  Traction  Resistances,  348 

Corr^ze  and  Manes  on  Traction  Resistances, 
348 

Cottereau  Lubricator,  651 

Petrol  Car,  650 

Transmission,  393 

Two-cylinder  Motor,  272 

Coulthard  Fire-tube  Boiler,  40 

Steam  Lurry.  512,  520 

Motor,  100 

Transmission  Gear,  365,  366 

Coup6.  Darracq  Electric.  693     ' 

.  Jenatzy  Electric,  687 

Crab  Clutch,  369 

Cranked  Axles,  429 
Creek  Carburetter,  134 

Oil  Burner,  78 

Regulator.  78 

Creese  Self-startlnflr  Device,  605 
Cromer  Speed  Trials,  779 
Crompton  on  Electric  Cars.  424 
Crown  Brake.  Columbia.  726 
Crypto  Motor  Bicycle.  758 
Cugnot  Steam  Trolley,  1,  2 

Transmission  Gear,  2 

Culnet  Gas  Motor.  28 
Cushion  Tyres,  462-464 


Daimler  Carburetter,  119 

1886  Petrol  Car,  18 

Frame.  482 

,  German  (tee  Mercedes) 

Motor  Bicycle.  751 

Petrol   Cars.   578-583 

Motor,  9-h.p.,  209 

,  12-h.p.,  209 

.  22-h.p..  211 

Dalmler-Phoenix  Carburetter,  Old,  118 
Dance  Boiler.  9 

Steam  Car  Service.  8 

Darracq  (see  also  Bolide) 

Brake,  496 

Driving  Axle,  433 

Electric  Coup6,  693 

Four-cylinder  Motor,  243 

Petrol  Car.  628 

Speed-change  Gear.  393 

Darwin,  Dr.  Erasmus,  4 

Da.«hwood  Hill  Consumption  Trials,  782 
Davis  Steering  Gear.  440 
Davl.«;on  Motor  Bicycle.  758 
Dawson  Magneto  Ignition.  170 

Petroleum  Carburetter,  148 

De  Chasseloup-Laubat.  807 

De  Conlnck  Irreversible  Steering  Gear,  443 
De  Dietrich  Carburetter,  135 
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De  Dietrich  Friction  Clutch,  372 

Peirol  Car,  602 

— ^—  '——'   ^KoVoT    249 

De  Dletrlch-Bugattl  Four-cylinder  Motor,  240 

De  Dion-Bouton,  110 

Accumulator,  309 

Atomising  Carburetter,  119 

Bicycle  Motor,  278 

Boiler,  49 

Commutators,  220.  221 

Driving  Axle,  434 

Electric  Car,  895 

Motor,  524 

Exhaust  Valve  Lifter.  279 
Ignition  Plug,  178 
Omnibus  Transmission  Gear,  364 
One-cylinder  Motor,  219 
Petrol  Car,  628 

Volturette,  628 

"  Populalre  "  Volturette,  627 
Speed*change  Gears,  400-403 
Steam  Brake.  809 

Motor,  97 

Surface  Carburetter,  110,  277 

Two-cylinder  Motor.  221 

Tricycle  Motor,  277 

-  Wheeils  453 

De  Gerval  Automatic  Igniter,  190 
De  Maunl  on  Tyre  Width,  454 

Wheel,  472 

De  Metz  Speed-change  Gear,  404 
De  Retz  Carburetter,  149 
DecauvlUe  Four-cylinder  Motor.  243 

Petrol  Car,  628 

Two-cylinder  Motor,  241 

Delahaye  Chain  Steering  Gear,  441 

Petrol  Car,  603 

Motor,  604 

Speed-change  Gear,  418 

Delamare-DebouttevlUe  Petrol  Cars,  18 
Deprez,  Marcel,  19 
D^schamps  Band  Brake,  606 

Petrol  Car,  «)4 

DevU-drag   409 

Diamond  Pneumatic  Tyre,  470 
Diaphragm  Valve,  Prescott,  81 
Diesel  on  Petrol  Motor  Efficiency,  810 

Motor,  21,  290 

Dletz  Koad  Traction  Engine,  17 
DlUgeon  System  of  Cooling,  298 
Dlstrlbutixig  Mechanism,  Lubricating,  501 
Dogcart,  Bogard  Electric.  693 

,  MorrlsSalom  Electric,  693 

Dor6  Transmission  Gear,  425 
Dowsing  Petrol-electric  Car,  735 
Drag  or  Sprag,  489 
Drevdal  Oleopump  Lubricator   505 

Terminus  Lubricator,  504 

Driving  Axle,  428 

,  Darracq,  433 

,  De  Dlon-Bouton,  434 

Drojkl,  Jeantaud  Electric,  316,  703 
Du  Motay   Compressed  Air  Car,  22 
Due  de  Cholseul,  1 
Ducasble  Cushion  Tyres,  462 

Solid  Tyre.  460 

Dumaresq  Simplex  Speed-change  Gear.  424 

Dunlop  Pneumatic  Tyre,  466 

Dupuit  Traction  Resistance  Experiments,  350 

on  Tyre  Width,  454 

Wheel  Diameter,  355 

Durkopp  Petrol  Car,  420 
Motor,  250 

Duryea  Carburetter,  134 

Cooling  System,  197 

Ignition  System.  656 

Petrol   Car,   653-666 

Motor,  290.  655 

Speed-change  Gear   657 

Steering  System,  660 

Dwelshauvers-Dery  on  Steam  Motors,  808 
Dynamo,  Apple  Ignition,  257 
Dynamos  used  for  Ignition,  168 


Eagle  Petrol  Car,  635 
Edie  Electric  Motor,  724 
Edls<m  Accumulator,  313-315 
Etliciency  of  Accumulators,  21.  305,  813 

Dynamo,  808 

Electric  Car,  910 
Motor,   810 


Need  of  Increased,  807 
Organic,  of  Petrol  Motor^  810 

, Steam  Motor,  SOB 

Thermal,  of  Boiler,  806 

Diesel  Motor,  810 

Petrol  Motor,  809 

Steam  Motor.  807 

ToUl,  of  Petrol  Motor.  810 

, Steam  Car,  808 

of  Transmission  Gear,  577-579.  563 

Elsemann  Electric  Ignition,  168 
Electric  Brakes,  694 

,  Tests  of   362 

Brougham,  Vehicle  Equipment  Co..  702 
Cab,  Jenatzy   697 

,  Vedovelll-Priestley,  719 
Car,  Accumulator  Industries  Co.,  331 
,  Baker,  707 

Bersey,  714 

Bouquet-Garcin-Sehlvre.  714 

British  Electromoblle  Co.'s, 

City  and  Suburban.  700 

Cleveland,  727 

Columbia,  723 

Conipagnle   Fran^aise  des  Voitures 
Automobiles.  713 

Contal,  701 

Controller,  336 

De  Dlon-Bouton.  685 

Early,  18 

Electromoblle,  701 

Fire  Risk  with.  347 

Frames,  694 

Future  of,  807 

General  Arrangement  of,  693 

Inconveniences  of,  347 

its  part  in  Automoblllsm.  347 

Jeantaud.  703,  805 

,  Si)eed  Regulation  in,  337 

Jenatzy,  697 

Kri6ger,  704 

,  Speed  Regulation  In.  337 

Mlld6.  705 

Monnard,  715 

National  Vehicle  Co.   351 

Northey  System  of  Controlling,  334 

Ratio  of  Accumulator  Weight  to,  729 

Rlker.  722 

Resists  Sideslip.  425 

Speed  Regulator,  334 

Sturgess  Electric  Motocycle  Co..  722 

Varying  Speed  of,  333 

Waverley,  708 

-  Controller,  354-336  (ate  «U»o  Controller  for 
Electric  Car) 

-  Coupd.  Darracq,  693 
-,  Jenatzy,  OB? 

Dogcart,  Bogard.  693 

-,  Immisch,  18 

-,  Morrls-Salom,  693 
Drojki,  Jeantaud,  316    703 
Hackney  Carriage,  Charging,  317 


Ignition,  Automatic,  Current  Consump- 
tion in,  183,  184 

Automatic  Timing  for,  183,  184 
Bergmann,  173 
Blake,  183 
Bolide,  163 
Bosch,  170,  253 
Chenard-Walckcr,  181 
Comi>arcd  wltih  Tube  I^ltion,  187 
Dawson,  173 
Duryea.  656 
-.  Elsemann.  168 
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Electric  Ignition,  Holden,  183 

In  Petrol  Motors,  165-187 

.  Wilson  and  Pllcher,  183 

Landaulette,  701 

Lurry,  Aultmann,  684 

Motor.  Advantages  of,  317,  346.  347 

Bouquet-Oarcln-Schlvre,  330 

Braking  Effect  with,  339 

Centaure,  330 

Contal,  702 

De  DionBouton.  324 

Edie.  724 

Elwell  Parker  Co..  707 

Excessive  Sparking  in,  331 

Efficiency  of,  810 

Joel  "Sine,"  326 

,  Suspension  of,  327 

-,  Twelve-pole,  324 


Faui 

Fpui 
Faui 
Fell< 
Ferr 
F.IJ 

Fire 
Fisc 


Kri6ger,  324 

Lundell.  331.  332.  721 

Materials  for,  331 

MUd^.  323 

Monnard,  715 

National,  331 

Patln.  320 

Phoenix  Field  Magnet  for,  331 

Recuperative  Effect  with.  338,  723 

Requirements  of,  320 

Riker,   722 

Separate  Excitation  of.  318 

Shunt  Excitation  of,  319 

Still,  322 

Typical  Two-pole,  321 

Variable  Torque  of,  318 

Waverley,  328 

Westinghouse,  330 

Motor-wheel,  Rlchter,  331 

Omnibus,  Compagnie  G^n6rale  des  Omni- 
bus, 693 

,  Petrol,  And  Steam  Motors  Compared,  340 

Phaeton,    Columbia.    725 

,  Pouch ain.  18,  695 

Runabout,  Baker,  706 

Tricycle.  Ayrton,  18 

.  Raffard.  693 

Victoria,  Krl6ger.  316 

Volturette.  Disadvantages  of,  694 

,  Joel,  605 

,  Volk,  18 

Electric  Storage  Battery  Co.'s  Accumulators, 

721 
Electric  Vehicle  Co..  721 
Electrobat.  Morris  and  Salom,  693 
Electro-catalytic  Ignition,  189 
Electromoblle  Electric  Car.  701 
Electromotive  Force  Co.'s  Oat,  334 
Elleson-Bobinsky  Accumulator,  304 
Ellis  Steam  Wagon,  536 
Elwell  Parker  Electric  Motor,  707 
Engine  (m«  Petrol  Motor,  Steam  Motor,  etc.) 
English-Daimler  (<m  Daimler) 
Estcourt  Inlet  Valve,  255 
Ether  instead  of  Water  for  Boilers,  20 
Etoile  Battery,  167 
Exhaust  Pipes,  Diameter  of,  163 

Silencer,  202 

,  Autocar,  205 

Competition.  204 

,  Friedman.  204 

.  Oldamobile,  205 

,  Prestwlch-Drury,  205 

,  Walnwrlght,  206 

Valves,  157 

,  Diameters  of,  162 

,  Operating.  157 

,  Timing,  159 

Extensible  Pulleys,  Dumaresq  Simplex,  424 
,  FouiUaron,  422 


FIsk 
Flan 

Flui 
C 
Fod€ 
Ford 
Fore 


Fore 


Foul 

4 

Fran 


Fran 
Frea 
Frea 
Frer 
7 
Frlc 


Frlei 


Fabrlque  National  (F.N.)  Motor  Bicycle,  756 
Farman  Volturette  Frame,  482 


Frit) 
Fulr 
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Galllardet  Petrol  Motor,  281 
G&maxe  Motor  Bicycle,  758 
Qans  de  Fab  rice  Igniter,  189 
Gardner-Sen^oUet  Burner,  65 

Flash  Boiler,  60-66 

,  Objections  to,  62 

Steam  Car,  556-562,  803 

Superheated  Steam  Motor,  93 

Transmission  Gear,  365 

Gare  Solid  Tyres,  462 

Gas  Motors,  17 

Gautier  Carburetter,  138 

Gautier-Wehrl6  Carburetter,  125 

Gearing,  Lubricating,  501 

Germain  Electric  Change-speed  Gear,  737 

Petrol-electric  Car,  736 

Germain-Li ttlnger  Cushion  Tyres,  464 
German  Consumption  Trials,  785 
Gibbon  Carburetter,  147 

Gibbs  Boiler,  13 
Gillet  Steam  Motor,  97 

Water-tube  Boiler,  56 

Gillct-Forest  Carburetter,  150 

Cooling  System,  196 

Petrol  Car,  670 

Motor,  281 

Radiator.  196 

Gladiator  Petrol  Car,  607 

Glasgow  Trials,  779 

Glasses  in  Front  of  Cars,  484 

Gobron  Two-stroke-cyclc  Motor,  287 

Gobron-BrlUi^  Carburettlng  Device,  139,  226 

Petrol  Motor,  246 

Goodyear  Pneumatic  Tyre,  467 

Solid  Tyres,  462 

Gordon  Push-foot  Car,  5 

Gordon -Bennett  (Ireland)  Race.  797 
Goret  Slx-strolte-cycle  Motor,  2b8 
Governing  of  Brooke  Motor,  256 

Chenard-Walcker  Motor,  237-241 

Mors  Motor,  235 

Petrol  Motors,  164,  165, 

Win  ton  Motor,  675 


Gradometer  on  Ariel  Car.  621 

Graham-Fox  Compound  Petrol  Motor,  238 

Grease  Boxes,  430 

Griffith  Steam  Car,  5 

Grouvelle  and  Arquembourg  Rotary  Pump,  199 

Grover's  Acetylene  Experiments,  29 

Guillou  Ignition  Burner,  187 

Gurney  Boiler,  8 

Steam  Cars,  7,  8 


H 

Hackney  Vehicle  Trials,  Paris,  769 
Hagen  Accumulator,  313 

Lurry  Speed-change  Gear,  417 

Petrol  Motor,  253 

Half-nipper  Springs,  475 

Hall  Hydraulic  Clutch.  377 

Hamelle  Multiple  Lubricator,  506 

Hamilton  Motor  Bicycle,  760 

Hannoyer  Ball  Bearing  Steering  Axle,  432 

Cee  Springs,  476 

Solid  Tyre,  459,  460 

Wooden  Spokes,  455 

Harmet  Syst-em  of  Fluid  Compression,  192 
Hart  Accumulator,  312 

Petrol-electric  Car,  740 

Hartensteln  "  Oarbolite,"  27 

Hartford  Single-tube  Pneumatic  Tyres,  723 
Hartley's  Tricycle,  22 

Hartmann  on  Efficiency  of  Daimler  Car,  809 
Hautier  Brake,  494 

Clutch  and  Speed  Reducer,  633 

Lubricating  System,  247 

Petrol  Car,  653 

Motor,  347 

Haynes-Apperson  Petrol  Car,  684 


Haynes-Apperson  Steering  System.  684 
Heavy  Vehicle  Trials,  Liverpool,  769,  776,  7T7 

,  Richmond,  771,  772 

,  Versailles,  767 

Hele-Shaw  Friction  Clutch,  376 

on  Traction  Resistances,  348 

Traction  Resistance  Experiments,  K3 

Helical  Ignition  Plug,  176 

Henriod  Distributor-carburetter,  138 

Two-cylinder  Motor,  269 

Hermes  Horizontal  Motor,  267 

Petrol  Car,  676 

Speed-change  Gear,  416 

Herschmann  Hydraulic  Clutch,  377 
HlU-cllmbing.  Reliability  Trials,  791 

Trials,  774.  796 

-,  Dashwood  Hill,  782 

Hill's  Steam  Coach,  13.  14 
Hinges,  Lubricating.  501 

Hochgesand  Oleopolymeter  Lubricator,  5C2 

Holoar  Petrol  Car,  636 

Holden  Electric  Ignition  System.  183 

Motor  Bicycle   763 

Hollow  Tyres,  462-464 

Holt  Automatic  Lubricator,  503 
Holt  Road  Steamer,  16 
Homens,  J.  £..  657 
Horbick  Petrol  Car,  C36 
Hospitaller.  21 

on  Accumulators,  316 

Electric  Controllers,  697 

Motor  Efficiency,  810 

Fulmen  Accumulators,  305 

Petrol  Motors,  359 

Petrol -electric  Cars,  750 
Hot- water  Locomotive,  Lam-Fran cq,  28 

,  Motors,  25,  26  • 

Hou«e  {see  also  Llfu) 

Fire-tube  Boiler,  42 

Steam  Car,  552 

Motor,  88 

Humber  Band  Brake,  492 

Bicycle  Motor,  282 

Four-cylinder  Petrol  Motor,  230 

Motor  Bicycle,  756 

Petrol  Car.  637 

Frame,  432 

Hut  in  and  Lebl&no  System,  27 
Huzelstein  Carburetter,  131 
Hydraulic  Clutch,  Hall,  377 

,  Herschmann,  377 


I 

Ideal  Accumulator,  310 

Iden  Speed-change  Gear,  581 

Ignition  in  Petrol  Motors,  165-191  {for  further 
detaili  see  Electric  Ignition.  Incan- 
descent Tube  Ignition,  Thermo-cautery 
Ignition,  Catalytic  Ignition,  Electro-cata- 
lytic Ignition,  etc.) 

,  Automatic,  190 

Batteries,  166 

Colls,  174 

,  Defective,  296 

Dynamo  Apple,  257 

Dynamos,  168 

Plug,  Automobllia  Attachment  for,  179 

,  Bass^e  and  Michel.  176 

,  De  Dion-Bouton,  178 

,  Essentials  of,  175 

Helical,  176 

Oil-defying,  180 

Panhard  and  Levaasor,  190 

Peugeot,  179 

Reclus,  176 

,  G.  Richard,  178 

,  Steatite,  177 

Immisch  Electric  Dogcart,  18 
Incandescent  Tube  Ignition,  185 
Burners,  186 
Compared  with  Electric.  187 
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Induction  Colls,  174 
Inlet  Pipes  162 
Valves,  167 

-,  Automatic,  157 

-,  Diameters  of,  182 

-,  Estcourt,  255 

-,  Mechanically  Operated,   157 

-,  Wilson  and  Pllcher,  271 

-,  Wolseley,  159 
Iron  Axles,  429 
Izion  Motor  Bicycle,  760 


Jackson  Duplicate  Pneumatic  Tyre,  468 

Jacquet-Bordet  Chain,  384 

James  Steam  Car,  6 

James  and  Brown  Friction  Clutch,  372 

Petrol  Car,  667     . 

Shoe  Brake,  490 

Speed -change  Gear,  415 

Two-cylinder  Motor.  266 

James  and  Martineau,  668 
Jaw  Clutch,  368 

Jeantaud  Controller  System,  337,  704 

Early  Car,  18 

Electric  Car,  703,  807 

Drojki.  316,  703 

Irreversible  Steering  Gear,  443 

Rope   Brake,   495 

Suspension,  478 

Transmission  Gear,  425 

Jeantaud-Ackermann  Two-pivot  Axle,  436 
Jenatzy  Electric  Cab,  697 

Car,  697 

Controllers,  698 
Coup6.  687 
Torpedo  Car,  697 


Wheel  Couplings,  438 


Jenatzy-Martini  Magnetic  Clutch,  377 

Steering  Gear,  449 

Jesmond  Motor  Bicycle,  758 
Joel  on  Accumulators,  301 

Electric  Volturette,  325,  695 

"  Sine  "  Electric  Motor,  326 

Suspension,  327 

Twelve-i)ole  Electric  Motor,  324 

Johnson  Boiler,  76 

Fore-carriage,  682 

John;8ton  Burner 

Carburetter,  134 

Regulator 

Jones,  Wallace,  on  Accumulators.  302 

Journal  Friction,  353 

Journals,  429 

Jullen  Carburetter,  131 

K 

Kecheur  Boiler,  76 

Motor.  89 

Kerry  Motor  Bicycle,  756 
King  Motor  Bicycle.  759 
Kltto  Petrol  Car.  646 
Klaus  Carburetter,  138 
Knap  Table  of  Motor  Speeds,  159 
Knapen  Carburetter,  134 
Koch  Petrol  Motor.  274 
Korte  Petrol  Car,  608 
Korting's  Alcohol  Experiments,  35 
Krebs  (fe«  also  Centaure    and    Panhard    and 
Levassor) 

Brake.* 496 

Carburetter.  141,  142 

Magnetic  Clutch.  377 

Krl4ger  Alcohol-electric  Car,  749 

Controller  System,  337,  7U5 

Electric  Car.  704 

Forerarrlage  Transmission  Gear,  380 
Motor,  324 
Victoria,  318 

Transmission  Gear,  425 


La  Nouvelle  Water-tube  Boiler,  46 
Lambert  {tee  Prosper  Lambert) 
Lam-Francq  Hot-water  Locomotive,  26 
Lamina  Accumulator,  303 
Lamplough-Albany  Steam  Car,  572 
Landaulet  Body^  484 

,  Electric,  701 

Lancashire  Steam  Motor,  84 
Lanchester  Petrol  Car,  676 

Transmission  Gear,  680 

Two-cylinder  Petrol  Motor,  263 

Wick  Carburetter,  116 

Langdon-Davies  («««  Soames) 
Lanty-Hommen-Dumas  Suspension,  479 
Lavcnir  Wheel  Couplings,  438 

Le  Blant  Steam  Motor,  83 

Traction  Engine,  17 

— ■ Tractor,  542 

Tyres  for  Tractors  and  Brakes,  458 

Le  LambiUy  Rotary  Steam  Motor,  106 
Lead-and-Lead  Accumulators,  301 
Lead-and-zinc  Accumulators,  301 

Leahy  Traction  Resistance  Experiments,  352 
Leclanch6  Battery,  168 
Lecomte-Rousel  Wheel,  472 
Lemoine  Axle  Box,  430 

Patent  Oil  Box,  433 

•  Rope  Brake,  484 

Steering  Gear,  451 

Lencauchez  on  Steam  Motors.  106 
Lenkensperger  Two-pivot  Axle,  435 
Lenoir  Carburetter  17 

Gas  Motors,  17 

Lepape  on  Cooling  Petrol  Motors,  193 

Carburetter,  130 

Wheel  Couplings,  438 

Leyland  Fire-tube  Boilers,  39 

Steam  Lurry,  40,  512,  521-524 

Lifu  (tee  alio  House) 

Steam  Car,  552 

Lurry,  512,  518 

Water-tube  Boiler,  54 

Limousine  Body,  484 

Liquid  Acetylene  as  Motive  Agent,  28 

Air  Motor,  EfBciency  of,  25 

-,  Richard  on,  25 

,  Storlnff,  26 

Gas  as  Motive  Agent,  24,  25 
Motor,  New  Power,  25 
-.  Roberts,  25 
Lister  Two-stroke-cycle  Motor.  284 
Liverpool  Heavy  Vehicle  Trials,  776,  777 
Lockert  Fore-carriage,  691 
Locomobile  Lubricator,  547 

Steam  Cars,  545-549,  805 

Locomotive  Act,  1836.  15 
Lohner  Porsche  Petral-electric  Car,  733-736 
Lombard  Mylorette  Frame,  482 
Longridge  on  Petrol  Motor  Cylinders.  192 

Valve  Operation,  162 

Longuemare  Burner  for  Boilers,  75,  78 

Carburetters,  122,  123 

Ignition  Burner.  190 

Loubiere  Solid  Tyre,  459 
Louet  Speed-change  Gear,  410 
Lotz  Steam  Car,  17 
Loyal  Carburetter,  130 
Lubricating  Axle,  430 

Bevel  Wheels.  501 

Hautler  Motor,  247 

Hinges,  501 

Oil,  Decreasing  Freezlna;  Point  of,  500 

.  Chenevler  Fluidity  Indicator  for,  501 

-,  Fluidity  of.  501 

-,  Lowering  Freezing  Point  of.  SOO 
-.  Mineral.  SOO 
.  Stability  of,  500 

Pat*»nt  Oil  Axle  Boxes,  501 

Pinions.  501 

Steam  Motor,  501 

I  Lubricants,  Applying,  501 
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Lubricants  for  Bearings,  501 

Chains.  501 

Distributing  Mechanism,  501 
Essentials  of,  500 
Excess  of,  501 
Melted  Tallow.  501 
Oil  {tee  Lubricating  Oil) 
Qualities  of,  500 
Viscosity  of,  500 
Lubricators,  Albany  Sl^ht-feed,  508 
Bourdon  Multiple.  506 
Brunler  Continuous,  503 
Consolin.  505 
Cottereau,  651 
Drevdal  Oleopump,  505 

Terminus,  504 


Dubrulle,  509 

Henry  Hamelle  Multiple,  506 

Hochgesand  Oleopolymeter,  5CJ 

Holt  Automatic,  503 

Mollerup,  504 

Physical,  502 

Rochester  Pony,  507 
Lufbery  Carburetter,  112 
Lundell  Electric  Motor.  322^  331,  721 
Lurry,  Aultmann  Electric, 
Steam,  539 


Bayley  Steam.  512,  525-527 

Brlghtmore  Steam,  532 

Clarkson-Capel  Steam,  512,  524 

Coulthard  Steam,  512.  520,  533 

Fischer  Petrol-electric,  744 

Foden  Steam,  532 

Ley  land  Steam,  512,  521-524 

Lifu  Steam,  512,  518 

Mann  Steam,  539 

Mllnes  Petrol,  686 

Morgan  Steam,  541 

Musker  Steam,  510,  512-515 

Nanclenne  Alcohol,  639 

N^gre  Steam,  543 

Slmpson-Bodman  Steam,  512,  527 

Straker  Steam.  530 

Thornycroft  Steam,  512,  516-518 

Wartburg  Alcohol.  37 
Lurries  Compared,  510-512 
Lutsky  Petrol  Motor,  153 


M 

Macadam  Roads,  Traction  Resistances  on,  351 
Macerone  and  Squire  Steam  Coach,  12 
Mackenzie's  Steam  Brougham.  16 
Magnetic  Clutch,  Jenatzy-Martln!,  377 

,  Krebs.  377 

Mai  and  in  Petrol  Car,  18 

Mallcet-Blin  Steering  Gear.  448 

Manes  and  Corr4ze  on  Traction  Resistances, 

348 
Mann  Compressed  Air  Car,  22 

Steam  Cart.  536 

Lurry.  539 

Marchena  Hot-water  Motor,  25 
Markus  Petrol  Car,  18 
Martha  Carburetter,  148 
Martin  Pneumatic  Tyre.  470 
Martineau.  James  and.  668 
Maudslay  Petrol  Car,  592 
Omnibus,  593 

-  Three-cylinder  Motor,  181,  258 

•i —  Transmission  and  Speed-change  Gear,  594 
Maudslay  and  Field  Boiler.  9 
Iffaurer-Unlon  Friction  Plate  Transmission,  420 
Max  Accumulator,  313 
Mees  Petrol  Car.  607 

Motor,  262 

Megy  Friction  Clutch,  377 
M6ran-Gervals  Speed-change  Gear,  410 
Mercedes  Friction  Clutch.  373 

Multitubular  Radiator,  197 

Petrol  Car,  583 

Motor.  212 


Mercedes  Speed-change  Gear,  389 
Mercedes-Lohner-Porsche   Petrol-electric   Car, 

732 
Meredith  Two-cylinder  Petrol  Motor,  268 
Mersey  Motor  Bicycle,  760 
Metal  Tyres,  458 

Wheels,  Solid,  457 

Michau.  17 

Michelin  Pneumatic  Tyre,  466 

Traction  Resistance  Experiments.  352 

Michelln-Clincher  Pneumatic  Tyre,  467 
Miesse  Steam  Car.  564,  803 

Lurry  Motor,  88 

Transmission  Gear,  88 

Mild6  Electric  Car.  705 
Motor,  323 

Petrol-electric  Car,  749 

Mild^-Montos  Transmission  Gear,  427 
Mllnes  Four-cylinder  Motor,  233 

Lurry  Speed -change  Gear,  688 

Petrol  Car.  608 

Lurry,  686 

Two-cylinder  Motor,  232 

Milnes-Mercedes  Speed-change  Gear,  389 
Mineral  Lubricarting  Oil,  500 

Minerva  Carburetter,  119 

Contact  Breaker,  280 

Motor,  280 

Bicycle.  754 

Moissan's  Calcium  Carbide,  27 

Molas,  Lamielle  and  Tessler  Compressed  Air 

Car,  22 
Mollerup  Lubricator,  504 
Monnard  Brake,  716 

Electric  Car,  715 

Motor,  715 

Montauban-Marchandier    Speed-change    Gear, 

407 
Montier  and  Gillet  Boiler,  76 
Moore,  4 

Moorwood-Bennet  Carburetter,  151 
Morgan  Steam  Lurry,  541 
Morin  Traction  Resistance  Experiments,  349 

on  Tyre  Width,  454 

Wheel  Diameter,  355 

Morris  Petrol  Car.  610 

Motor  Bicycle    756 

Morris  and  Salom  £lectric  Dogcart.  683 

Electrobat,  693 

Morrisse  Brake,  488 
Mors  Carburetter,  126 

Petrol  Car,  611 

Motors,  233 

Speed -ch&nge  Gear,  392 

System  of  Volume  Throttling,  235 

Motobloc  Petrol  Car,  648 

Motor  ($€€  Electric  Motor,  Petrol  Motor,  Steam 

Motor) 
Motor  Bicycle  (#*•  Bicycle) 
Motor  Manufacturing  Co.,  Petrol  Car,  590 
Munson  Petrol-electric  Oar,  750 
Muntz    An&lysls    of    Petrol    and   Methylated 

Spirit,  31 
Murdock,  WiUiam,  4 
Murray  Centrifugal  Governor,  268 
Musker  Burner,  68 

Flash  Boiler,  67 

.Steam  Lurry,  510,  512-515 


N 

Nancienne  Alcohol  Lurry.  689 
Napier  Annular  Valve.  162 

Petrol  Car,  586-590 

Motor,  586.  587 

National  Accumulator.  309 

Electric  Motor,  331 

N6gre  Flash  Boiler.  75 

Steam  Lurry.  543 

Motor,  92 

Water- tube  Boiler,  52 

New  Century  Motor  Bicycle,  756 
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New  Power  Liquid  Ga§  Motor,  25 

New  York  Electric  Vehicle  Co.'b  Wheel,   458 

New  York  Pneumatic  Tyre,  470 

Newton's  Steam  Car,  3 

Nice-Caat<>llane  Race,  768 

Nickel  Steel  Axles.  429 

Nipper  Springs,  475 

Non-stop  Trials,  780,  782 

Northey  System  of  Controlling  Electric  Car, 

334 
Nuts  for  Axle  Box,  430 


OhiUtant€  Two-pivot  Axle,  436 
Ofeldt  Water-tube  Boiler,  58 
Oil  Axle  Boxes,  430 

Burners  (km  Burners) 

Firing,  343 

Oldsmobile  Carburetter.  140 
Exhaust  Silencer,  205 

Petrol  Car,  683 

Speed-change  Gear,  417 

Oleopolymeter  Hochgcsand,  602 
Omnibus,  Bollee  Steam,  17 

,  Compagnie  Udnerale  des  Omnibus  Elec- 
tric, 693 

,  De  Dion-Bouton  Steam,  364 

,  Fischer  Petrol-electric,  740 

,  Hancock  Steam,  10 

,  Ley  land  Steam,  522 

,  Maudslay  Petrol,  593 

,  Scotie  Steam,  364 

.  Weidknecht  Steam,  365 

Oppermann  Accumulator,  312 
Orient  Buckboard,  ttoO 

Express  Car,  383 

Motor  Bicycle,  757 

Petrol  Car,  649 

Ormonde  Motor  Bicycle,  760 
Osmond  Motor  Bicycle,  757 
Otto  Carburetter,  153 

Four-stroke-cycle  of  Operations,  156 


Packard  Petrol  Cars,  638,  673 

Motor,  280 

Panhard  and  Levassor  Commutator,  218 
Clutch,  370 

Ignition  Dynamo,  217 
Petrol  Car,  584 

Motor   (tee  Centaure) 

Tramcar,  18 

Speed-change  Gear,  387 

Steering  Gear,  442 

PaplUon  Carburetter,  114 
Papin.  3 

Paraffin  Burners  {»m  Burner) 

Paris-Amsterdam  Race.  768 

Paris-Beauvais  Alcohol  Trials,  783 

Paris-Berlin  Race,  778 

Paris-Bordeaux  Race.  765,  770,  771 

Paris-Dieppe  Race,  768 

Paris-Madrid  Race,  796 

Paris-Marseilles  Race.  765 

Parls-Roubaix  Alcohol  Trials,  773 

Paris-Rouen  Ra<;e.  765 

Paris-Vienna  Race,  788 

Parsons  Side-Blip  Preventer,  472 

Partlnlum  Bodies,  484 

Patent  Oil  Axle  Boxes.  Lubricating,  501 

Patln  Accumulator,  303 

Clutch.  427 

Electric  Motor,  320 

Transmission  Gear,  426 

Patton  Petrol-electrio  Car,  735 
Pavements,  Traction  Resistance  on,  357 
Pawl  and  Ratchet.  Brouhot.  2,  653 

to  Prevent  Backward  Running. 

489,  604,  607 


Pecqueur  Steam  Wagon,  16 

Peerless  Two-cylinder  Petrol  Motor,  254 

Penna  Pneumatic  Tvre,  470 

Peters  Solid  Tyre.  462 

Petr6ano  on  Alcohol,  36 

Alcohol  Experiments,  33 

Carburetter,  112 

Petroleum  Motor,  21 

Petrol  Analysis,  31 

Car.  Ader,  696 
Argyll,  623 
Ariel,  620 

ArroU-Johnston,  685 
Autocar,  672 
Bar  don.  665 
Beaufort,  596 
Bedsize.  624 
Benz-Parslfal.  623 
Brooke,  595 
Brouhot,  652 
Brush,   599 
Canterbury,  600 
Charron-Glrardot-Volgt,  601 
Clieapness  of,  804 
Chenard-Walcker,  601 
Clement.  625 
Composition  of,  575 
Cottereau,  650 
Daimler  (Early),  18 

(Modern),  578 

Darracq,  628 
Decauville,  628 

De  Dlon-Bouton  10-h.p.,  626-628 
Delahaye,  603 
Delamare-DebouttcvlUe,  18 
De  Dietrich,  602,  603 
De  Witz  on  Efficiency  of,  809 
D^schamps.  604 
Durkopp.  620 
Durvea^  653^661 
Eagle,  635 

Eflftciency  of,  809-811 
English  Daimler,  578 
F.I.A.T..  607 
Gillet=Forest.  670 
Gladiator,  607 
Hautier,  633 
Haynes-Apperson,  684 
Hermes,  676 
HoAcar,  636 
Horblck,  636 
Humber,  637 
James  and  Brown,  667 
Kitto,  648 
Korte,  608 
Lanchester,  676 
Malandln,  18 
Maudslay,  592 
Mees,  607 
Mercedes.  583 
Milnes,  608 
Morris.  610 
Mors,  611 

Motor  Manufacturing  Co.,  590 
Motobloc,  648 
Napier.  586 
Oldsmobile,  685 
Orient,  649 
Packard,  638.  673 
Panhard  and  Levassor,  584 
its  part  In  Automoblllsm,  347 
.Peugeot,  612,  809 
Phoenix.  600 
Pick,  661 
Pipe,  613 

Prosper  Lambert,  638 
Protos.  648 
Renault.  638 
Richard,  614 
Rochet -Schneider.  616 
Roots,  668 
Soames,  662-665 
Speed-ohange  Gear.  688 
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Petrol  Car,  Star,  817 

,  Sturmey-Duryea,  654 

,  Sunbeam,  618 

Thorny  croft,  641 

Toledo,  619 

for  Touring,  804 

Transmission  Gear,  368 

Turcat-M6ry,  602,  003 

Velox,  645 

Wartburg.   648 

Watsonia,  420 

Wilson  and  Pllcher,  673 

Wlnton,  674 

Wo^ley.  668 

-  Consumption,  31 
-,  I>enslty  of,  108 

-  Fore-carriages,  680 
Amlot-Pdneau,  681 
Emile  Salles.  tiOl 
Heilmann,  6d2 
Johnson,  682 
Lockert.  681 
Ponsard-Ansalonl,  681 
Pretot,  690 
Riancey,  681 
Ringelmann.  681 

Heavy  Goods  Vehicles,  806 
Lurry,  Milnes,  686 
Motor  Accelerator,  165 

Advantages  of,  344 

Ader,  191 

Two-cylinder,  271 

Four-cylinder,  272 


237 


Air-cooling  of.  201 

Albion  Horizontal.  267 

Allsop  Stationary,  276 

Ariel,  576 

Aster  Bicycle,  282 

Bad  Ck>rapression  In,  296 

Bardon,  264 

Batley  Rotary,  157 

Beetz  RotAry,  157 

Belgica,  253 

Belle  One-cylinder,  253 

Beau  de  Rochas  Cycle  of.  156 

Benz.  156,  236 

Bicycles,  751-763 

Brooke.  Governor  of,  256 

Three-cylinder.  254 

Brouhot  Four-cylinder,  248 
Brush  Four  cylinder,  230 

Two-cylinder,  229 

Buchet  Bicycle,  252 

Four-cylinder,  253 

CentAure,  163,  192 

,  CommutAtor  of,  218 

Four-cylinder,  213-218 

.  Ignition  Dynamo  for,  217 

Three-cylinder,  216 

Charron-Glrardot-Voigt,  251 


Petrol  Motor,  De  Dion-Bouton,  One -cylinder, 
219-221 

Tricycle,  277 

Two-cylinder,  221-222 

Decauville  Four-cylinder,  242 
Defective  Carburet  ting  in,  296 

Ignition  In.  296 

Diesel,  21,  157.  2902.  296 
Disadvantages  of,  344-346 
Dodement  Rotary,  157 
Duiour  Two-stroke-cycle,  156 
Durkopp,  2S0 
Duryea,  157,  655 
English-Daimler  9-fa.p.,  209 

12-h.p.,  209 

22-h.p.,  211 

Exhaust  (M«  Exhaust) 

F.I.A.T.  Four-cylinder.  253 

Fischer  Horizontal.  280 

—  Three-cylinder,  260 

Friedman   Horizontal.   269 

GalUardet  Bicycle.  281 

Gillet-Forest.  261 

Gobron  Two-stroke-cycle,  287 

Gobron-Brilli6.  245 

Goret  Six -stroke-cycle,  288 

Governing,  164^  165,  255,  237,  256 

Graham  and  Fox  Compound.  288 

Hagen,  253 

Hautier,  247 

Hermes  Horizontal,   267 

Henriod  HorizonUl.  268 

Holden  Cycle,  182 

Humber  Bicycle,  282 

Four-cylinder,  230 

Ignition,  165-191  {for  dHaiU  $ee  Elec- 
tric, Ignition,  etc.) 

Improving  EflRolency  of,  298 
Inelasticity  of,  344,  812 
Inlet  Valves.  Automatic.  157 

.  Mechanically -operated.  157 

James  and  Brown    286 

Duryea  (C.  E.).  655 

Duryea  (James  F.),  290 

Koch.  274 

Lanchester  Two-cylinder.  263 

Lister  Two-stroke-cycle,  284 

Loyal  Two-stroke-cycle,  156 

Lubricating,  501 

Lutsky,  153 

Maudslay  Three-cylinder,  258 

Markus,  18 

Mees,  2^ 

Mercedes,  212 

Meredith  HorizontAl,  268 

Milnes  Four-cylinder.  233 

Two-cylinder,  232 


Eight-cylinder 


rss 


Chenard  and  Walcker  Two-cylinder, 

Chief  Defect  of,  297 
Conrad  Two-stroke-cycle,  156 
Cooling,  192,  812 
Cottereau,  191 

Two-cylinder,  272 

Cycle,  Ariel,  576 

,  Definition  of,  576 

,  Singer,  576 

Cylinders,  191 

,  Composition  of,  192 

-,  Cooling,  192 

-,  Hiorns  on,  192 
Number  of,  191 

-,  Positions  of.  191 
Daimler   {»ee  English   Daimler   and 
Mercedes) 

-  .  Darracq  Four-cylinder,  242 

.  ,  De  Dietrich,  249 

.  De  Dletrlch-Bugatti,   249 

-  .  De  Dion-Bouton  Bicycle,  278 


Minerva  Bicycle.  280 
Mors,  233 

Throttling,  235 


Otto  Cycle  of  Operations  In,  156 
Packard,  260 

Panhard  and    Levassor    («m  Petrol 
Motor,  Centaure) 

Peerless  Two-cylinder,  254 

P^treano,  21 

Peugeot,  235 

Pistons,  202 

Priestman.  21 

Primus  Two-cylinder,  231 

Principles,  156 

Regulation.  164.  165.  235,  237,  256 

Richard.  243 

Rochet-Sehnelder.  243 

Roots,  273 

Paraffin  Vaporiser  for,  273 


Simms,  224-229 
Soames  Two-cylinder,  231 
Speeds,  Table  of,  158 
Starting.  202 
Thornycroft.  222 
Three-cylinder,  191 
Throttling,  164.  165 
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Petrol  Motor,  Titan,  604 

Toledo  Three-cylinder,  257 

Tony-Huber,  244 

Turgan  and  Foy  Horizontal,  266 

Unsatisfactory  Working  of,  296 

Valves,  157-164 

Vemet  Rotary,  157 

Vibration  of.  203.  297 

Victoria  Bicycle.  182 

Watsonla.  250 

Weller,  230 

.  Wilson  «nd  Pllcher  Horizontal,  270 

Omnibus,  Maudslay.  593 
Quadricycles,  575,  806 
Spirit,  Consumption  of,  358 

Density  of,  108 

Petroleum  to  Replace,  346 

Rlngelmann  on  Combustion  of.  358 

Soreau  on  Consumption  of,  800 

Specific  Gravity  of,  108 

Testing,  106 

,  Wltz  on  Combustion  of,  359 

,  Steam   and   Electric   Motors    Compared. 

340 

Tricycles,  575,  806 

,  Ariel,  576 

-,  Delamere-DeboutteviUe.  18 
-,  Singer.  576 
Volturette,  575 

,  Belle,  598 

,  De  Dion-Bouton.  626-628 

,  Ridley.  640 

Swift,  640 

,  Traveller,  642 

Petrol-electric  Car  Accumulators   733 

,  City  ftnd  Suburban,  746 

Its  part  In  Automobilism,  347 
Dowsing,  735 
Fischer,  732 
Germain.  736 
Hart,  740 

Hospitaller  on,  750 
Lohner-Porsche,  733,  735 
Mercedes-Lohner-Porsche,   732 
Mild4,  749 
Munson,  750 
Patton.  735 
,  Pleper    735 

Lurry,  Fischer,  744 

Omnibus,  Fischer,  740 

Truck,  Fischer,  745 

Petroleum,  Calorific  Value  of,  20 

Carburetters,  109 

,  Consumption  of,  20 

as  Motive  Power,  20 

Motor,  All  sop,  273 

,  Koch,  274 

,  Priestman.  21 

-,  Requirement  of.  273 
-,  Roots.  273 

to  Replace  Petrol  Spirit,  346 

Peugeot  Carburetter,  128 

Ignition  Plug,  179 

Nave  and  Felloe,  457 

Petrol  Cars,  612 

,  Efficiency  of,  811 

Motor,  235 

Phaeton  Bodies.  483,  484 

,  Columbia  Electric,  735 

,  Pouohaln  Electric,  693 

,  Serpollet  Steam,  545 

Phoebus  Accumulator,  302,  306 
Phoenix  Accumulator.  312 

Field  Magnet.  331 

Petrol  Car,  600 

Physical  Lubricators,  502 
Plat  Friction  Clutch,  375 
Pick  Petrol  Car,  661 

Transmission  Gear   418 

Plei)er  Petrol-electric  Car.  735 
Pllcher  (*w  Wilson  and  Pilchcr) 
Pioneer  Steam  Motor,  101 

Pipe  Petrol  Car.  613 


Pisca,  21 

Accumulator,  309 

Piston  Rlnffs,  192 

,  Wilson  and  Pllcher,  270 

Plants  Accumulator,  300 
Plating  Pneumatic  Tyre,  470 
Pneumatic  Tyre,  458,  464-473 

Air  Pressures  for  Given  Axle  Loads, 


471 


471 


Bartlett-Clincher,  467 

••C.  and  J.,"  467 

Chamber,   Pressure   of  Air  in,  466, 


Chameroy,  471 

Clincher-Michelin,    467 

Clipper-Continental,  467 

Collier,  467 

Diamond,  470 

Dunlop.  466 

Fisk.  468 

Goodyear,  467 

Hartford    723 

Jackson  Duplicate,  468 

Martin,  470 

Michelin,  466 

New  York.  470 

Penna,  470 

Plating,  470 

Rucker,  466 

Sampson,  470 

Side-slip  Preventers,  472 

to  Support  Definite  Loads.  471 

Thompson,  16 

Toni,  468 

Ponsard-Ansalonl  Fore-oarrlage,  691 
Pope  Carburetter,  111 

Electrode,  311 

"  Populaire  "  Volturette,  De  Dion-Bouton,  627 
Pouch aln  Electric  Phaeton,  18,  683 
Preece,  Sir  William,  313 
Prescott  Brake.  492 

Burner.  81 

Steam  Car,  555 

Prestwich-Drury  Exhaust  Silencer,  205 
Pr6tot  Carburetter,  133 

Fore-carriage,  690 

Speed-change  Gear,  408 

Priestley  (#««  Vedovelli -Priestley) 
Priestman  Petroleum  Motor.  21 
Priestman-W right  Steering  Gear,  441 
Primus  Speed-change  Gear,  419 

Two-cylinder  Motor,  231 

Prlnceps  Motor  Bicycle,  760 
Prony  Brake  Testa  MO 
Prosper  Lambert  Petrol  Car,  638 
Protos  Petrol  Car,  648 

Speed-change  Gear,  406 

Pulley  Brakes,  490 
Pulleys,  Extensible,  422 
Pulvls  Accumulator,  307 
Pump.  Abeille,  190 

,  Grouvelle  and  Arquembourg,  199 


Quand-M4me  Motor  Bicycle,  760 
Quadrant  Motor  Bicycle.  756 
Quadricycle,  Petrol,  575,  806 


Race  (iM  aUo  Trial) 

Circuit  des  Ardennes,  700 
Circuit  du  Nord.  787 
Gordon -Bennett   (Ireland),   797 
Nlce-Castellane.  769 
Paris-Amsterdam,  768 
Paris-Berlin,  778 
Paris-Bordeaux.  765,  770,  771 
Paris-Dieppe,  768 
Paris-Madrid,  796 
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Rfice;  Paris-M&rseille«,  765 

;  Paris-Rouen,  765 

;  Psrls-Vlenna,  788 

Racing  Car  Body,  463 
Radiator   Albany,  196 

,  Accles  and  ue  VeuUe,  196 

,  Begbie-Audin,  196 

,  Carpentier-Meunier,  197 

,  Duryea,  197 

,  Flangeless  Tubes  for,  195 

,  Gillet-Forest,  196 

,  Grouvelle  and  Arquembourg,  194 

,  Jullen,    195 

,  Mercedes  Multitubular,  197 

,  Ramler-Marchal,  196 

,  Sauerbler,  196 

Rftfford  Accumulator  Experiments,  18 

Electric  Tricycle,  695 

Ramler-Marchal  Radiator,  196 
Ramsay  and  Wildgoose,  i 
Ravel  Steam  Motor,  83 

Water-tube  Boiler,  46 

Read,  of  Massachusetts,  4 
Reading  Steam  Car,  554 

Motor.  92 

Reclus  Ignition  Plug,  176 

Recuperative  Effect  with  Electric  Motor,  338, 

728   729 
KeliablUty  Trials  («m  Trials) 
Renault  Brake,  493 
Friction  Clutch,  391 

Petrol  Car,  638 

Speed-change  Gear,  390 

Renolds  Chain,  384 

Rex  Motor  Bicycle   759 
Riancey  Fore-carriage,  681 
Richard  (F.)  on  Liquid  Air,  25 
Richard  (G.)  on  Ball  Bearings,  430 
Richard  Carburetter,  126 

for  Four-cylinder  Motor,  127 

Ignition  Plug,  178 

Petrol  Cars,  614 

Motor,  243 

Richard-Benz  Carburetter,  136 
Richard-Brazier  Speed-change  Gear    394 
RichDiond  Heavy  Vehicle  Trials,  769,  770 
Richter  Electric  Motor-wheel,  331 
Ridley  Petrol  Volturett*.  640 

Rlker  Accumulator,  301 

Electric  Car,  722 

Motor,  722 

Rlngelmann  on  Combustion  of  Petrol  Spirit, 

Experiments  with  Petrol  and  Alcohol,  30 

Fore-carriage,  691 

Friction  Pl«te  Transmission,  421 

Rings  for  Axle  Box,  430 

.  Piston,  192,  270 

Roberts'  Carbonic  Acid  Motor,  25 
Robison,  Dr.  John,  3 
Rochester  Pony  Lubricator,  507 
Rochet  Speed-change  Gear,  398 
Rochet-Schneider  Four-cylinder  Motor,  243 

Petrol  Car,  616 

Roger  Belt  Transmission  Gear,  368 

Wheel  Couplings,  438 

Roller  Bearlnss,  432 

Chain,  382 

Roots  Carburetter  Experiments,  144 
'  ParafRn  Vaporising  Device,  273 

Petroleum  Car,  666 

•  Motor,  273 

Rope  Brake,  494 

-,  Jeantaud,  495 

-,  Lemoine.  494 
Tests,  361,  362 

.  Weidknecht,  494 

Rosenthal  Accumulator.  309 
Roslyn  Hill  Climbing  Trials,  780 
Rotary  Petrol  Motors.  298 

Steam  Motors,  82,  103 

Roubeau  Carburetter,  150 
Rousel-Lecomte  Wheel,  472 


Roussy  de  Sales  Carburetter.  113 
Rowan  Water-tube  Boiler,  49 
Royal  Motor  Bicycle,  758 
Royal  Enfield  Motor  Bicycle,  754 
Royal  Sovereign  Motor  Bicycle,  757 
Royer  on  Cooling  Petrol  Motors,  193 
Rucker  Pneumatic  Tyre,  469 
Ruhmkorft  Coil.  165 
Russell,  J.  Scott,  13 


Salamandrlne  Water-tube  Boiler,  58 
Sales  and  Braby  Carburetter,  113 
Salles  Fore -carriage,  691 
Salom  {»ee  Morris  and  Salom) 
Sampson  Pneumatic  Tyre.  470 
Santos  Dumont  Airship,  252 
Saracen  Steam  Car,  552 
Sauerbler  Radiator,  196 
Savery,  3 

Scheele  Electric  Car  Frame,  695 
Scotte  Improved  Field  Boiler,  48 

Omnibus  Transmission  Gear,  364 

Wheels.  453 

Road  Train,  17 

Steam  Motor.  83 

Water-tube  Boiler,  46 

Seguier,  17 

Serpollet  Boiler  applied  to  Tricycle,  17 

Burner,  65 

Flash  Boiler.  60-66 

-,  Objections  to,  62 


Steam  Car,  556-562,  805 

Motor,  83 

Phaeton,  545 


Superheated  Steam  Motor,  95 

Transmission  Gear,  365 

"  Set  "  Journals.  430 

Sew  ell  Cushion  Tyres,  463 
Shoe  Brakes,  Advantages  and  Disadvantages 
of,  488 

,  James  and  Brown.  490 

,  Wolseley,  489 

Shoe-to-tyre  Brakes.  488 

Side-slip  Preventers,  472 

Slmms  Petrol  Motors,  224 

Slmonds  Ball  Bearing  Steering  Axle.  432 

Simpson  and  Bodman  Flash  Boiler.  W 

Steam  Lurry,  512.  527 

Motor,  90 

Singer  Motor  Bicycle.  752.  760 
Carburetter,  137 

Petrol  Tricycle,  576 

Skidding,  Forestier  on.  458 

.  Preventing,  428.  472 

Pmall  and  James  Watt,  4 

Smith,  Wyke,  on  Accumulators,  302 
Smimes  Brake,  665 

Petrol  Car,  662-665 

Speed-change  Gear,  664 

Two-cylinder  Motor,  251 

Socl6t4  Anonyme  pour  le  Travail  Eleotrique 
des  M^taux  Accumulator.  308 

Solid  Rubber  Tyres,  459-462  {for  detaiU  mc 
Tyres) 

Soreau  on  Consumption  of  Petrol  Spirit.  809 

Southall  Automatic  Igniter,  190 

Sparking  in  Electric  Motors,  Remedy  (or  Ex- 
cessive, 331 

Specific  Constants  of  Accumulators,  306 

Power,  Definition  of,  19 

Speed  Reducer,  Hautler,  633 

Trials,  Cromer,  779 

Speed-change  Gear  («m  alto  Transmission  Gear) 
Ader.  395 
-,  Artel  Tricycle,  405 
-.  Bardon,  415 
-.  Belgica.  400 
-.  Belle,  419 
-,  Belslze.  393 
-,  Benz,  394 
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Speed-change  Gear.  Brazler-Blchard,  384 

Brooke,  d96 

Cottereau,  303 

Darracq,  385 

De  Dietrich.  385 

De  Dlon-Bouton,  400-403 

Delahaye,  418 

Disadvantages  of,  320 

Dumaresq  Simplex,  424 

Duryea,  857 

Electric,  424-427  {»m  alto  Petrol-elec- 
tric) 

Fouillaron  Extensible  Pulley,  422 

Friction  Plate,  418 

Friedman  Friction  Plate,  420 

Germain  Electric.  737 

Uagen  Lurry,  417 

Hermes,  416 

Iden,  581 

James  end  Browne,  415 

Louet,  410 

Maudslay,  584 

M6ran-Gerval8,  410 

Mercedes,  31i8 

Metz.  404 

Mllnes  Lurry,  688 

MUnes-Meroedes,  388 

Montauban-Marchandler,  407 

Mors,  382 

Oldsmoblle,  417 

Panhard  and  Levassor,  387 

Pick,  418 

Pr^tot,  406 

Primus,  418 

Protos.  406 

Renault,  380 

Klchard-Brazler,  384 

Rochet,  386 

Soames,  664 

Swift,  411 

Turcat-Mdry,  386 

Wilson  and  Pllcher,  412 
.  Wolseley,  386 
Speed-changing  In  Electric  Cars,  334-336 
Spencer  Steam  Wagon,  542 

Water-tube  Boiler,  56 

Spider  Body.  483 

Spiral  Springs,  476 
Spokes,  Steel,  456 

,  Wooden,  455 

Sprag,  488 

Spring  Suspension,  476 

,  Double,  477 

Spring-cushion,  Velox,  488 

Springs  Affect  Traction  Resistance,  356 

,  §all  and  Pozzl,  476 

.         Cee   475 

\  Chief  Types  of,  474-477 

,  Compagnle  des   Hauts-fourneaux   Spiral. 

476 

,  Forestler  on,  478 

,  Half-nipper.  475 

,  Hannoyer  Cee,  476 

,  Nipper,  475 

.  Spiral,   476 

,  Straight,  with  Rolls,  474 

,  Transversal,  478 

Stanley  Steam  Car,  556 
Star  Petrol  Car,  617 
Steam  as  Motive  Agent,  18 

Applicable  to  Light  Cars.  545 

Car,  Automobile  Manufacturing  Co.,  566 

,  Bacon,  1 
,  Bolide,  17 

La  Nouvelle,  17 

■1  Burstall  and  Hall,  6 
Chaboche.  562.  803 
Chelmsford,  548 
GardnerSerpoUet.  556,  806 
Griffiths,  5 
Gurney,  7 
,  Hancock,  10 
,  Heavy,  Arrnngement  of,  510 


Steam  Car;  Its  part  in  Automoblllsm,  347 

James,  6 

Lamplough-Albany,  572 

Lifu  (House's  System),  552 

L*0bii»8anU,  17 

Locomobile,  545-548,  805 

Mlesse,  564,  805 

Newton,  3 

Prescott,  555 

Railway  Opposition  to,  IS 

Read,  4 

Reading,  554 

Ricketts,  15 

Sarcen,  5^ 

Serpollet,  545,  556,  805 

Service,  Dance's,  8 

Stanley,  556 

Summers  and  Ogle,  8 

Symington,  4 

Toledo,  554.  805 

Tolls,  15 

Trevlthick,  4 

Vapomobile,  552 

Weston,  554,  805 

White,  568,  805 
Cart,  Mann,  536 
Coach,  Burstall  and  Hall,  6 

Church,  13 

Hill.  13 

Macerone  and  Squire,  12 
.  Scott  Russell,  13 
Fore-carriage,  Driving,  573 

,  Turgan  and  Foy,  574 

Lurry,   Aultmann,  538 

Bayley.  512.  525-527 

Brightmore,  532 

Clarkson-Capel,  512,  524 

Goulthard,  512,  520 

Eight  Principal  Systems  Compared. 
510-512 

Foden,  532 

Leyland,  512,  521-524 

Lifu,  512,  518 

Mann,  538 

Morgan,  541 

Musker^  510,  512-515 

N6gre.  543 

Simpson-Bodman,  512,  527 

Straker.  530 

Thornycroft,  512.  516-518 
Motor,  Adaptability  of,  340 

Alternating  Double  Expansion,  87 

Amed^e  Boll6e,  83 

Arbel-Tihon  Rotary,  105 

Bourdon-Weidknecht,  88 

Chaboche  Superheated,  563 

Chelmsford,  84 

Clarkson-Capel  Six  Cylinder,  97 

Compagnle    G6nerale    des    Automo- 

104 

Consumption  of,  341.  808 

Goulthard.  100 

De  Dlon-Bouton.  97 

De  Lambilly  Rotary.  106 

Dwelshauvers-Dery  on,  808 

Elasticity  of,  340 

Freakley,  84 

Gardner-SerpoUct.  93 

General  Considerations  on.  106 

GiUet,  97 

House.  88 

K^cheur,  88 

Lancashire,  84 

Le  Blant,  83 

LencAuchez  oi.  106 

Lubricating,  50l 

Miesse,  88 

Ndgre,  82 

Objection  to.  342 

Organic  Efficiency  of,  808 

Pioneer,  101 

Ravel,  82 

Reading,  92 
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steam  Motor,  Reversing.  341 
Rot«ry,  82,  105 
Scotte,  83 
Serpollet.  83.  93 
Simpson  and  Bodman,  90 
Thermal  Efficiency  of,  807 
Tbornycrott,  90 
Toledo,  85 
Weidknecht,  83 
Weiglit  of.  942 
Weston,  87 
-,  White.  86 
Omnibus,  Bolide.  17 
-,  Hancock.  10 

,  Ley  land.  522 

,  OMi$»ants,  17 

Petrol  and  Electricity  Compared,  340 
Phaeton,  S^pollet,  545 
-,  Summer  and  Ogle,  0 


Tractor,  Glbbs,  13 

-.  Le  Blant,  542 

-,  Perkins,  16 

-,  Thorny  croft,   515 
Tricycle,  De  Dion-Bouton,  17 

,  Hancock,  10 

,  Murdock.  4 

,  Serpollet,  17 

-.  Wa.tt.  4 
Trolley,  Cugnot,  1,  2.  16 
Turbine,  Giovanni  Banca's.    3 
Wagon,  Ellis.  536 

-,  Evans,  4 

-,  Fecqueur,  16 

-,  Spencer,  542 

,  Work  given  by,  341.  342 

Steatite  Ignition  Plug.  177 
Steel  Axles.  429 

Frame,  480 

,  Nickel,  Duryea  Car  Axles  of,  429 

Spokes,  456 

Steering  Axle.  Belvalette  Ball  Bearing,  432 

,  Bourlet,  438 

-.  Gondefer  Ball  Bearing.  432 
-,  Hannover  Ball  Bearing,  432 
•,  Simonds  Ball  Bearing,  432 
-,  Timken  Roller-Bearing.  432 
-,  Vermot  Ball  Bearing,  432 
Gear,  Ariel,  447 

Baker.  708 

Bell  Crank.  442 

Bolide  Chain,  440 

Bourlet.  439 

Brill  16  Epicvcloidal.  443 

Columbia.  723 

Davis,  440 

Be  Coninck,  443 

Delahaye  Chain,  441 

Duryea,  657 

Haynes-Apperson,  684 

Irreversible,  442 

JeantAud.  443 

JenAtzy-Martlnl,  449 

Lemoine,  451 

Malicet-Blin.  448 

Panhard-Levassor,  442 

Priestman-Wright,  441 

Vedovelli-Prlestley,  720 

Velox   447 

Wolseley,  445 
Sthenos  Carburetter,  121 
Still  Electric  Motor.  322 
Storage  Batteries  {tee  Accumulator) 
Storing  Liquid  Air,  26 
Straker  Steam  Lurry.  530 
Sturgess  Electric  Car.  722 
Sturmey-Duryea  Petrol  Car,  654 
Summers  and  Ogle  Steam  Cars,  9 
Sunbeam  Petrol  Car,  618 
Sure5ne«  Trials,  780,  804 
Suspension,  476 

,  Compagnie    G6n6rale    des    Automobiles. 

478 
,  Double.  477 


Suspension,  Forestier  on,  478 

,  Jeantaud,  478 

,  Lanty-Hommen-Dumas,  479 

.  Simple,  478 

Springs  (»€€  Springs) 

Surface  Carburetters,  111 
Swift  Petrol  Voiturctte,  640 

Speed-change  Gear,  411 

Sydenham-Walkinson  Wheel  Couplings,  439 
Symington,  4 


Tables:  Accumulators.  306,  770 

Alcohol  Trials.  34.  35,  783,  786,  787 
Chains,  383 
Chicago  Trials,  766 
Circuit  des  Ardennes  Race,  790 
Circuit  du  Nord  Race.  787 
Consumption  Trials,  778,  784,  802 
Controller  Connections.  698.  702-706.  713 
Cromer  Speed  Trials,  781 
Exhaust  Silencers.  204 
Exhaust  Valves.  162 
French  Consumption  Trials.  786.  804 
German  Consumption  Trials.  785 
Glasgow  Trials.  779 
Gordon-Bennet  Race  (1903).  797 
Hill  Climbing  Trials.  776,  784.  786 
Inlet  Valves  and  Pipes,  162 
Liverpool  Heavy  Vehicle  Trials.  776,  777 
Molas.  Lamielle.  and  Tessier  Car,  24 
100  Miles  Non-stop  Run  (Long  Island).  782 
Paris-Amsterdam  Race,  768 
Paris-Berlin  Race.  778 
Paris-Bordeaux  Race.  765,  771 
Paris-Dieppe  Race,  768 
Paris-Rouen  Race.  765 
Paris-Madrid  Race,  796 
Paris-Marseilles  Race.  765 
Paris-Roubalx  Alcohol  Trials,  773 
Paris-Vienna  Race,  788 
Petrol  Motor  Consumption,  31 
Petrol  Motor  Speeds.  159 
Petrol  Spirit  and  Methylated  Spirit,  31, 
108 
Reliability  Trials,  791.  792 
Richmond  Heavy  Vehicle  Trials.  771,  772 

Roslyn  Hill-cllmblng_  Trials,  782     

Town  and  Suburban  Vehicle  Trials.  798 
Traction  Resistances.  350.  351.  353-355,  357 
Tyre  Trials,  794 
Versailles  Heavy  Vehicle  Trials,  767 

Tallow.  Melted,  as  Lubricant,  501 

Tangye  Boiler,  76 

Tauzln  Carburetter.  114 

Tenting  Carburetter.  111. 

Thermal  Efficiency  of  Boiler,  808 
Diesel  Motor.  810 
Petrol  Motor.  808 
Steam  Motor,  808 

Theson.  Jean.  1 

Th Irion  and  Durenne  Water  tube  Boiler,  49 

Thompson  Pneumatic  Tyre.  16 

Thorny  croft  Bell  Crank  Drive.  518 

Petrol  Car,  641 

Motors,  222 


Steam  Lurry,  512.  516-518 

Transmission.  367 

Motor.  99 

Water-tube  Boiler,  53 


Timken  Roller  Bearlnir  Steering  Hub.  432 
Titan  Petrol  Motor.  604 
Toledo  Petrol  Car.  619 

Motor,  257 
Steam  Car,  554 

Motor,  85 

Water- tube  Boiler.  57 

Tonl  Pneumatic  Tyre,  468 

Tonneau  Bodies,  483 

Tony-Huber  Four-cylinder  Motor.  244 

Toothed  Steering  Gear,  Prlestman-Wrlght,  441 
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Toothed  Transmission  Gear,  369,  379 
Torpedo  Car,  Baker  Electric.  707 

,  Jenatzy  Electric.  oT 

Torque  ol  Electric  Motor,  518 
Torrllhon  Cushion  Tyres,  465 

Solid  Tyre,  460 

Tour  de  France,  770 

Towfird  and  PhlUpson  Boiler.  76 
Town  and  Suburban  Vehicle  Trials,  796 
Traction  Resistance;   Axle  Friction,  353 

Ira  O.  Baker's  Experiments,  353 
-,  Baldwin  Dynagraph  used  In  Becord- 
Ing.  356 

-  of  Ball  Bearings,  430432 

•  ;  Clark  on  Wheel  Diameter,  355 

;  CorloUs  on,  346 

-  ,  Corr^ze  and  Manes  on,  348 

Dupult  on,  360 

Dupult  on  Wheel  Diameter,  355 

Effect  of  Speed,  356 

Effect  of  Springs,  356 

Prof,  H.  S.  Hele-Shaw  on,  348,  353 

Edward  Leahy's  Experiments,  352 

on  Level  Pavements,  357 

A.  Mlchelln's  Experiments,  352 

General  Morln's  Experiments,  349 

Morln  on  Wheel  Diameter,  3o5 

Tyre  Wldth^  355 

Wltz  on,  359 

on  Various  Roads,  Table  of,  355 

Tractor,  Glbbs,  13 

,  Le  Blant  Steam,  542 

,  Perkins,  16 

,  Thorny  croft  Steam,  515 

Transmission  Gear  (M0  al%o  Speed-change  Gear) 

Belt,  368 

Brouhot,  381,  653 

Chain.  382-386 

Chelmsford  Steam  Car,  367 

Clutch  (m0  Clutch) 

Columbia,  426 
,  Compagnle   G6n6rale    des   Automo- 
biles. 365 

Coulthard  New  Type,  366 

Old  Type,  365 

Cugnot,  2 

De  Dlon-Bouton  Steam  Omnibus,  364 

Dor6,  425 

Ef&clency  of,  810 

Gardner-SerpoUet,  365 

Gumey,  8 

Hills.  14 

Jeantaud,  425 

Krldger,  425 

Fore-carriage,  380 

Lanchester,  680 
MUdd-Montos,  427 
Panhard.  386 
Patin,  426 
Petrol  Car,  368,  386 
Roger  Belt.  368 
Scotte  Omnibus.  364 
Thorny  croft,  367 
Toothed,  3fl».  379 
Trevlthlck-Vlvlan,  4 
Weidknecht  Omnibus,  365 

.  White  Steam  Car,  365 
Traveller    Flexible  Coupling.  644 

Petrol  Volturette,  642 

Tr^pardoux  Steam  Tricycle   17 
Trevlthlck  Car.  4 

TrevlUilck- Vivian  Transmission  Gear   4 
Trial  («M  aUo  Race) 

,  Accumulator,    316,    770 

,  Alcohol  Consumption,  786,  787,  781 

(U.S.A.).  782,  783 
Chicago.  786 

Consumption.  780.  784-786,  804 
Cromer  8pp4»d,  781 
Glasgow,  779 
Hlll-cllmblng,  776,  784.  796 


Trial,  Liverpool  Heavy  Vehicle,  776,  777 

,  IW  Miles  Non-stop  (U.8.A0,  780-,  782 

.  Parls-Roubalx  Alcohol.  773 

,  Reliability.  791,  792 

•,  Richmond  Heavy  Vehicle,  771,  772 


,  Roslyn  Hlll-cllmblng,  782 

,  Tour  de  France.  770 

,  Town  and  Suburban  Vehicle.  798 

-^-,  Tyre.  794 

,  Versailles  Heavy  Vehicle.  767 

Tricycle,  Ariel  Petrol,  576 

,  De  Dlon-Bouton  Steam,  17 

,  Delamare-Debouttevllle   Petrol,   18 

,  Hancock  Steam,  10 

,  Hartley  Compressed,  Air.  22 

Motor,  De  Dlon-Bouton,  m 

,  Murdock  Steam.  4 

.  Petrol,  675.  806 

,  Raflard  Electric,  693 

,  Serpollet,  17 

,  Singer  Petrol  576 

,  Tr6pardoux,  17 

,  Trouve  Electric,  18 

,  Watt  Steam,  4 

Trouve  Electric  Tricycle,  18 
Truck,  Fischer  Petrol-electric,  745 
Turcat-Mdry  Clutch,  372 

Petrol  Car,  602,  605 

Motor,  249 

Speed-change  Gear,  395 

Turgan  and  Foy  Steam  Fore-carriage,  574 
Two-cylinder  Petrol  Motor.  2^ 

Water-tube  Boiler,  52 

Tyre,  Bartlett-Clincher,  467 

Buffer,  459 
"  C.  and  J.,"  467 
Cementing,  459 
Chameroy,  471 
Clincher  Pressed.  459 

Solid,   459 

Clincher-Mlchelln.  467 
Collier.  467 
Compound,  462 
Cushion  or  Hollow,  462 
Diamond,  470 
Ducasble  Cushion.  463 

Solid.  460 

Dunlop,  466 

Efficiency  of,  808 

Ferr6e  Cushion,  464 

Fisk.  468 

Gare  Solid,  462 

Germaln-Llttlnger  Cushion,  464 

Goodyear  Pneumatic,  467 

Solid,  462 

Hannoyer  Cemented,  460 

Pressed.  459 

Hartford  Single  Tube.  723 

Hollow.  462 

Jackson  Duplicate.  468 

Loubi^re  Pressed.  456 

Martin,  470 

MeUl.  456 

Mlchelln,  466 

New  York,  470 

Penna,  470 

Peters  Solid,  462 

Plating,  470  ^ 

Pneumatic,  464-473 

Rucker  Unburstable,  469 

Sampson,  470 

Sewell  Cushion,  465 

Side-slip  Preventer.  Parsons.  472 

.  Williams,  472 

Solid.  459 

Thompson  Pneumatic,  16 

Tonl,  468 

Torrllhon  Cemented,  460 

Cushion,  463 

Trials,  794 
v:net  Solid,  459 
Width,  454 

AffectB  Resistances,  356 
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Tyre  Width,  De  Mauni  on,  454 
-,  Bupuit  on,  454 
-.  Morln  on,  454 


U 


Underframes,  481 


Valentin  Boiler,  76 

Valyes.  Automatic  Inlet,  157 

,  Estcourt  Inlet,  255 

,  Exhaust,  159 

,  Diameters  of,  162 

Heads  of,  160 

Inlet,  Diameters  of,  162 

Material  of.  159 

Mechanically-operated  Inlet,  157 

Petrol  Motor,  157-164 

Wilson  and  Pllcher  Inlet,  271 

Wolseley  Exhaust,  160 
Inlet.  159 
Vapomoblle  Steam  Car,  552 
Vaucanson.  1 
Vedovelll-Prlestley  Controller,  719 

Differential  Steering  Gear.  720 

Electric  Car,  719 

Vehicle  Equipment  Co.  Electric  Brougham,  702 
Velox  Brake  and  Transmission,  497 

Petrol  Car    645 

Spring -cushion  Device,  496 

Steering  Gear,  447 

Verbiest,    Father,   3 

Vermot  Ball  Bearing  Steering  Axle,  432 
Versailles  Heavy  Vehicle  Trials,  767 
Vibration  of  Petrol  Motors,  205,  297  . 
Vieille  on  Acetylene,  27  ' 

Vlnet  Solid  Tyre,  450 

Volturette   («m  aUo  Petrol  Car  and  Electric 
Car) 

.  Belle  Petrol,  596 

,  De  Dion-Bouton  Petrol,  628,  627 

,  Electric,  Disadvantages  of,  664 

,  Joel  Electric,  695 

,  Petrol,  575 

,  Ridley  Petrol,  640 

,  Swift  Petrol,  640 

,  Traveller  Petrol,  642 

,  Volk  Electric,  18 


W 

W«gon  (see  alto  Lurry) 
Wagon,  Ellis  Steam.  536 

,  Spencer  Steam,  542 

Waggonette  Omnibus,  484 
Walnwright  Exhaust  Silencer,  206 
Wartburg  Petrol  Car,  648 
Water-tube  Boilers,  35 
Watsonla  Petrol  Car,  420 

Motor,  250 

Watt,  James,  3 
Waverley  Controller.  711 

Electric  Car,  708 

Motor,  328 

Weber  Carburetter,  153 

Weidknecht  Omnibus  Transmission  Gear,  365 

Rope  Brake,  494 

Ste«am  Motor,  83 

Water-tube  Boiler,  51 

Weldless  Steel  Tube  Axles,  429 
Weller  Motor  Bicycle,  758 


Weller  Petrol  Motor.  230 
Werner  Motor  Bicycle.  754 
Westlnghouse  Electric  Motor,  330 

Water-tube  Boiler,  49 

Weston  Steam  Car,  554,  805 
Motor,  87 

Water-tube  Boiler,  57 

Wet  Batteries.  166 

Wheatstone  on  Accumulators,  301 

Wheel,  Ballln,  473 

,  Beguin,  473 

Couplings,  437 

Ackermann-Jeantaud,  43 

Benz,  438 

Bolide.  438 

Bourlet,  440 

Jenatzy,  438 

Lavenir,  438 

Lepape,  438 

Roffer,  438 

Syaenham-Walkinson,  439 

Transmission  Mechanism,  441 
Diameter,  452 
,  Clark  on.  355 

Dupuit  on,  355 

Morln  on.  355 

,  Disadvantages  of  Big,  452 

,  De  Dion-Bouton,  453 

,  De  Mauni,  473 

,  Hannoyer,  455 

,  Mulllner.  456 

Resistance  to  Traction,  453 

,  Rousel-Lecomte  Spring,  472 

,  Solid  Metal,  457 

,  Solidity  of,  452 

Spokes.  Steel,  456 

with  Wooden  Spokes,  455 

White  Burner,  74 

Semi-Flash  Boiler,  72 

Steam  Car,  569-572,  805 

Motor,  86 

Transmission  Gear,  365 

Wick   Carburetters,    114 
Williams  Side-slip  Preventer.  472 
Wilson-Pilcher  Four-cylinder  Petrol  Motor,  270 

Inlet  Valve,  271 

Petrol  Car,  673 

Piston  Ring,  270 

Speed-change  Gear,  412 

Wilson's  Calcium  Carbide,  27 
Winton  Petrol  Car,  674 

Motor,   Governing,  675 

Wltz  on  Combustion  of  Petrol  Spirit,  359 
Cooling  Petrol  Motors,  192 
Petrol  Car  Efficiency,  809 
Traction  Resistances,  3^ 
WolfmuUer  Motor  Bicycle,  752 
Wolseley  Countershaft  Band  Brake,  431 

Exhaust  Valve,  160 

Inlet  Valve,  159 

Petrol  Car,  668 

Shoe  Brake,  489 
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Illustratedt  Fine  Art,  and  other  Volumes. 


Aooncagriia  and  Tleira  del  Puego. 

A  Book  of  Climbing.  Travel,  and 
Exploration.  By  Sir  Martin 
Conway.  With  numerous  Illustra- 
tions from  Photographs.  i2S.6d.nct. 

A  Daughter  of  the  Pit.    By  Mar- 
garet Doyle  Jackson.    6s. 

Admirable  Lady  Biddy  Pane,  Tha 
By  Frank  Barkktt     3s.  6d. 

Adyenture,  The  World  of.     With 
Stirring  Pictures  and  18  Coloured 

-Plates.     In  Three  Vols.,  5s.  each. 

Adventuree  of  Harry  Revel,  The. 
By  A.  1.  QuiLLER-CoucH.    6s. 

Aflid  and  Afloat  By  Frank 
Stockton     6s. 

Aladdin  O'Brien.  By  Gouverneur 
Morris.    6s. 

Alice  of  Old  Vincennes.  By 
Maurice  Thompsijn.    6s. 

America  at  Work.  By  John  Foster 
KrasER.     Illustrated.     6s. 

An  Eton  Boy*8  Letters.  By  Nugent 

Bankes.    5s. 

AnimalB.  Popular  History  of.  By 
Henry  scherren.  t-.Z.S.  with 
13  Coloured  Plates,  &c.     6s. 

Army  Business,  The,  and  its  London 
Office.  By  a  t  olonel  in  Business,  is. 

Art,  Sacred.  With  nearly  200  Full- 
page  Illustrations.    9s. 

Art,  The  Magazine  Of.  WithaSenes 
of  Full-page  Piates,  and  hundreds 
of  Illustrations.     Yearly  Vol.  ,21s. 

Artistic  Anatomy.  By  Prof.  M. 
Duval.      Cheap  Edition.      3s.  6d. 

AustztOian  Goldflelds,  My  Adven- 
tures on  the.    By  W.  CRAIG.    6s. 

Australasia:  the  Brit  1  s  of  the 
South.  y  Philip  Gibbs.  With 
4  Coloured  Plates  and  numerous 
Illustrations.     2s.  6d. 

Automobile.  The :  Its  Construction 
flOLd  Management.  Kdited  by 
Paul  N.  Hasluck.  New  Edi- 
tion.    Illu-trated.    21s.  net 

Avenger  of  Blood,  The.  By  J. 
Maclaren  Cobban.     3s.  6d. 

BaJlads  and  Songs.  By  W.  M. 
Thackeray.    Illustrated.    6s. 

Ballads  and  Songs  of  Spain.  By 
Leonard  Williams.    4s.  net. 

Barber,  Charles  Burton,  The  Works 
o£  With  41  Plates  and  introduc- 
tion by  Harry  Furniss.    7s.  6d. 


Berry,  Bev.  G.  A.,  D.I>.,  Life  of.     By 

the  Rev.  J.  S.  Drummond.    6s. 
Birds'  Nests,  British :  How,  Where, 
and  When  to  Pind  and  Identify 
Them.    By  R.  Kearton,  F.Z.S. 
Illustrated  from  Photographs  direct 
from  Nature  by  C  Kearton.  21s. 
Birds'  Nests,  Eggs,  and  Egg-CoUect- 
ing.     By    R.    Kearton,    F.Z.S. 
With  22  Coloured  Plates.     5s. 
Birds,  Our  Rarer  British  Breeding : 
Their  Nests,  Eggs,  and  Breeding 
Haunts.    By  R.  Kearton,  F.Z.S. 
Illustrated  from  Photographs  direct 
from    Nature   by    C.   Kearton. 
7s.  6d. 
Black    Arrow,  The.       By   R.    L. 
Stevenson.  6s.  Popular  Edition, 
33.  6d. 
Black  Watch,  Tha    The  Record  of 
an  Historic  Regiment  By  Archi- 
bald Forbes,  LL.D.  With  8  Illus- 
trations.  Popular  Edition.  3s.  6d- 
Black,  William,  Novelist     By  Sir 
Wemyss  Reid.     With  3  Portraits. 
I  OS.  6d.  net. 
Boer    War,    Gassell's    Illustrated 
History  of  tha    Two  Vols.,  21s. 
Britain  at  Work.    A  Pictorial  pe- 
scnpiion  of  our  National  Industries. 
By  popular  authors,  and  contain- 
ing: nearly  500  Illustrations,     xss. 
Britain's  Sea^Klngs  and  Sea-Pights. 

Profusely  Illustrated.  7s.  6d. 
BritlBh  Ballada  With  300  Original 
Illustrations.  Ckeap  Edition.  Two 
Vols,  in  One.  Qoth,  7s.  6d. 
Britl^  Battles  on  Land  and  Sea. 
By  James  Grant.  With  about 
800  Illustrations.  Cheap  Edition. 
In  Four  Vols.,  3s.  6d.  each. 

British  Nigeria.  By  Lieut-CoL 
Mockler-Ferryman.  With  Map 
awd  27  Illustrations.    12s.  6d.  net 

British  Sculpture  and  Sculptors  of 
To-day.  By  M.  H.  Spielmann. 
Illustrated.  5s.  net;  cloth.  73. 6d.  net. 

BuUding  World.  Half-Yearly  Vols. , 
jic  (yA  each 

Bulb  Growing,  Pictorial  PracticaL 
By  W  vLTER  p.  Wright.  With 
ntimerous  Illustrations.  Paper 
Covers,  is. ;  cloth,  is.  6d. 
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Butterflies  and  BlotHs  of  Europe, 
The.  By  W.  F.  Kirby,  F.L.S., 
F.  E.  S.  With  54  Coloured  Flatcs  and 
numerous  Illustrations,     ais.  net. 

Cairo  and  the  Khedive.  Illustrated. 
6d.  net. 

Campaign  Pictures  of  the  War  in 
South  Afirlca  (1899-1900).  Letters 
firom  the  Front  By  A.  G.  Hales. 
6s. 

Canaries  and  Cage-Birds,  The  Illus- 
trated Book  ot.  With  56  Coloured 
Plates,  35s. ;  half-morocco,  £1  55. 

Captain's  Toll-gate,  The.  By 
FR/\nk  Siockton.  With  Full- 
page  Illustrations.     6s. 

Cassell's  Magazine.  Half  -  Yearly 
Volume,  5s. ;  Yearly  Volume,  8s. 

Cat,  The  Book  of  The.  By  Frances 
Simpson.  With  12  Full-page 
Plates  in  Colour  and  numerous 
Illustrations.     15s.  net. 

Cathedrals,  Abbeys,  and  Churches 
of  England  and  Walea  Descrip- 
tive, Historical,  Pictorial.  Popu:ar 
Edition.     Two  Vols. ,  15s.  the  set. 

Catriona.  By  R.  L.  Stevenson. 
6s.  Popular  Edit  ion  ^  3s.  6d. 
Pocket  E'titioff,  cloth,  as.  net ; 
leather,  3s.  ret. 

Chinese  Crisis,  The  Story  of  the. 
By  Alexis  Krausse.    3s.  6d. 

Chinese  Pictures.  Notes  on  Photo- 
graphs made  in  China.  By  Mrs. 
Bishop,  F.R.G.S. (Isabella  Biro). 
With  60  Illustrations.     3s.  6d. 

Chinese  Porcelain.  By  Cosmo  M  on  k- 
HOUSE.  Illustrated.  63s.  net.  This 
Edition  is  limited  to  x,ooo  copies. 

Chums.  The  Illustrated  Paper  for 
Hoys.     Yearly  Volume,  8s. 

Clinical  Manuals  for  Practitioners 
and  Students  of  Medicine.  A  List 
of  Volumes  forwarded  post  free  on 
application  to  the  Publishers. 

Cloistering  of  Ursula*   The.     By 

C  LINTON   SCOLLARD.      6s. 

Clyde,  Cassell's  Pictorial  Guide  to 

the.       With  Coloured  Plate  and  3 

Mnps.     Cloth,  IS. 
Colour.     By  Prof.  A.  H.  Church. 

With  Coloured  Plates,     qs.  6d. 
Conning  Tower,  1  n  a ;  or.  How  I  took 

H.M.B.  "Majestic"  into   AcUon. 

By  H,  O.  Arnold-Forster,  M.A. 

Illustrated.    6d. ;  cloth,  is. 
Cookery,  a  Tear's.     By   Phyllis 

Browke.     Cheap  Edition,    is. 


I  Cookery  Book,  Cassell's  Universal 
By  Lizzie  Heritage.  New  Edi- 
tion, With  12  Coloured  Plates.   6s. 

Cookery,  Cassell's  Dictionary  ot 
With  about  9,000  Recipes,    5s. 

Cookery,  Cassell's  ShlUuig.    is. 

Cookery  for  Common  Ailments,  is. 

Cookery,  Vegetarian.  By  A.  G. 
Payne.     Cheap  Edition,     is. 

Cooking  by  Oas,  The  Art  of.  By 
Marie  J.  Sugg.    Illustrated.    2s. 

Coronation  Book  of  Edward  vn., 
King  of  All  the  Britains  and 
Emperor  of  India*  The.  By  W.  J. 
LOFTIE,  B.A.,  F.S.A.  With  24 
Coloured  Plates  and  numerous 
Illustrations.  Sumptuously  Illumin- 
ated in  Gold  and  Colours.    los.  6d. 

Cupid's  Garden.  By  Ellen  Thor- 
NEYCROFT  FowLEK.  3s.  6d.  Peo- 
ples Edition,  6d. 

Gydopndia,  Cassell's  Concise.  With 
about  600  Illustrations.     55. 

Gydopadia,  Cassell's  Miniature. 
Containing  30,000  subjects.  Cheap 
and  Revised  Edition^  Limp  cloth, 
IS.  J  cloth  gilt,  IS.  6d. 

"  Death  or  Glory  Boys,"  The.  The 
Story  ol  the  lyih  Lancers.  By 
D.  H.  Parry.  With  8  Illustrations. 
Cheap  Edition,     3s.  6d. 

Dictator's  Daughter,  The.  By 
Edgar  Jepson.    6s. 

Dictionary  of  Practical  Gardening, 
Cassell'a  Edited  by  Walter  P. 
Wright.  With  20  Coloured  Plates 
and  several  hundreds  of  Illustrations 
from  Photographs  taken  direct  from 
Nature.  Two  Vols.,  half-leather, 
gilt  top,  30s.  net. 

Dog,  Illustrated  Book  of  the.  Bv 
Vero  .Shaw,  B.A.  With  28  Col- 
oured Plates.  Cloth  bevelled,  35s. ; 
half-morocco,  45s. 

Doings  of  Baffles  Haw,  The.  By 
A.  CoNAN  Doyle.    3s.  6d. 

Dominion  of  the  Air,  The:  The 
Story  of  Atrial  Kavigation.  By 
the  Rev.  J.  M.  Bacon.  With 
numerous  Illustrations  from  Photo- 
graphs.   6s. 

Dor6  Bible,  The.  With  200  FuU- 
page  Illustrations  by  Dor£.     ics. 

Dor6  Don  Quixote,  The.  with 
about  400  Illustrations  by  Gus- 
TAVE  DORB.  Cktap  Edition, 
Cloth,  105.  6d. 
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Dor6  Gallery,  The.  With  250  Illus- 
trations by  GusTAVE  Dork.    42s. 

Dora's  Dante's  Infema  Illustrated 
by  GuSTAVE  DoR^  Large  4to 
Edition,  cloth  gilt,  21s. 

Dor^'B  Dante's  Poxgatozy  and  Para- 
dise. Illustrated  by  GusTAVB  Dor  ^ 
Cheap  Edition.     7s.  6d. 

Dora's  MUton's  Paradise  Lost  Illus. 

trated  by  Dur£.   4to,  21s.    Popular 

Edition,    Cloth  or  buckram,  7s.  6d. 

Cheap  Edition.  In  One  Vol. ,  las.  6d. 
Duke  Decides,  The.     By  Headon 

Hill.    Illustrated.    6s. 
Earth's  Beginning:,  The.     By  Sir 

Robert  Ball,  LL.D.    Illustrated. 

7s.  6d. 
Esfth,  Onr,  and  its  Story.    By  Dr. 

Robert   Brown,    F.L.S.     With 

Coloured  Plates  and  numerous  En- 
gravings.    Cheap  Edition.    Thiee 

Vols.,  5s.  each. 
Egypt:  Descriptlye, Historical, and 

Fictnresqite.    By  Prof.  G.  Ebeks. 

With    800    Original    Engravings. 

Popular  Edition.  In  Two  vols.  42s. 
Electricity,  Practical.    By  Prof.  W. 

E.    AvRTON,    F.R.S.      New   and 

Enlarged  Edition,  7s.  6d. 
Empire,  The.    Containing  nearly  700 

Splendid     full-page     Illustrations. 

Complete  in  Two  Vols.    9s.  each. 
EncyclopsBdlc  Dictionary,  The.    In 

7  Vols.,  half-morocco.  £;j  7s.  per 

set.   Supplementary  Volume,  cloth, 

7s.  6d. 
England  and  Wales,  Pictorial.  With 

upwards  of  320  Illustrations  from 

Photographs.    9s. 
Englan^  A  History  ot     From  the 

Landing  of  Julius    Ceesar    to  the 

Present  Day.     By  H.  O.  Arnold- 

Forster,  M.A.    Fully  Illustrated. 

5s.     Cloth  gilt,  gilt  edges,  6s.  6d. 
EngUsh  Dictionary,  Cassell's.  Giving 

Definitions  of  more  than   100,000 

Words  and  Phrases.     3s.  6d. 
English  History,  The  Dictionary  ot 

Edited  by  Sidni:y  Low,  B.A,,  and 

Prof.  F.  S.  Pulling,  M.A.  7s. 6d. 
English  Literature,  Morley's  First 

Sketch  of.    7s.  6d. 
English  Literature,  The  Story  ot 

By  Anna  Buck  land.    3s.  6d. 
English  Porcelain.   By  W.  Burton. 

With    83   Plates,   including  35  in 

Colour.    63s.  net. 


English  Writera  By  Prot  Hknkt 
MoRLEY.   Vols.  L  to  XI..  5s.  each. 

Familiar  Butterflies  and  Koths. 
By  W.  F.  KiRBY.  F.L.S.  With 
18  Coloured  Plates.    6s. 

Familiar  Wild  Birds.  By  W.  Swats- 
land.  With  Coloured  Pictures  \yf 
A.  Thorburn  and  others.  Chet^ 
Edition,  Four  Vols.,  3s.  6d.  each. 

Family  Doctor,  Cassell'a  By  A 
Medical  Man.     Illustrated.    65. 

Family  lawyer,  Casseil's.  By  A 
Barrister-at-Law.    ios.  6d. 

Father  Stafford.  By  Anthomt 
Hope.    3s.  6d. 

Field  Hospila],  The  Tale  of  a.  By 
Sir  Frederick  Treves,  BarL, 
K.C.V.O.,  C.R,  F.R.C.a  With 
14  Illustrations.    5&     Leather,  6s. 

Field  Naturalist's  Handbook,  The. 
By  the  Revs.  J.  G.  Wood  and 
Theodore  Wood.    as.  6d. 

Flame  of  Fire,  a.  By  Joseph 
Hocking.    3s.  6d. 

Ftanco-Oerman  War,  Casseil's  His- 
tory of  the.  Complete  in  Two 
Vols.  Containintr  alx>ut  500  Illus- 
trations.   Cheat  Edifton.    6s.  each. 

French  Faience.  By  M.  L.  Solon. 
Edited  by  W.  Burton.  With  24 
Plates  in  Colours  and  numerous 
Black  and  White  Plates.  30s.  neL 
Limited  to  1,200  copies. 

FTuit  Qrowing,  Pictorial  Practical. 
By  W.  P.  Wright.  lUustraicd. 
Paper  covers,  is. ;  cloth,  is.  6d. 

Garden  Flowers,  Familiar.  By  F. 
Edward  Hulme,  F.L.S.,  F.S.A. 
With  200  Full-page  Coloured  Plates. 
Cheap  Edition.  In  Five  Vols.. 
3s.  6d.  each. 

Garden  of  Swords,  The.  By  Max 
Pemberton.    6s, 

Gardener,  The.  Yearly  Volume.  Pro- 
fusely Illustrated.    7s.  6d. 

Gardening,  Pictorial  Practical  By 
W.  P.  Wright.  With  upwards 
of  140  Illustrations.  Paper  covers. 
IS. ;  cloth.  IS.  6d. 

Gasetteer  of  Great  Britain  and  Ire- 
land, Casseil's.  With  numerous 
Illustrations  and  60  Maps.  Six 
Vols.,  5s.  each. 

Giant's  Gate,  The.  By  Max  Pem- 
berton.   65. 

Girl  at  Oobhurst,  The^  By  Frank 
Stockton.    3s.  6d. 
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Gladstone,  WiUlam  Ewart^  The  Llfs 

on     Edited  by  Sir  Wemyss  Reid. 

Illustrated.  In  Two  Vols.  os. 
Gladys  Fane.   A  Stoiy  of  Two  Lives. 

By  Sir  Wkmyss  Reid.  3s.  6d. 
Gleanings  from  Popular  Anthors. 

Illustrated.    Cheap  Edition,  3s.  6d. 

Greenhouse  Hanagementk  Flo- 
torlaL  By  Walter  P.  Wright, 
Editor  of  "The  Gardener,"  &c. 
With  nearly  100  Illustrations.  Paper 
covers,  is.  ;  cloth,  is.  6d. 

Gulliver's  Travels.  With  upwards 
of  100  Illustrations.  New  Fine 
Art  Edition.     7s.  6d. 

Gun  and  its  Developmentp  The. 
By  W.  W.  Greener.  With  500 
Illustrations.  Entirely  New  Edi- 
tion,   los.  6d. 

Handyman's  Book;  The,  of  Tools, 
Katerials,  and  Processes  em- 
ployed in  Woodworking.  Edited 
by  Paul  N.  Hasluck.  With 
about  3,500  Illustrations.    9s. 

Heavens,  The  Story  of  the.  By  Sir 
Robert  Ball,  LL.D.  with 
Coloured  Plates.  Popular  Edition, 
106.  6d. 

Her  Ksjesty's  Tower.  By  Hep- 
worth  Dixon.  With  an  Intro- 
duction by  W.  J.  LOFTIE,  B.A., 
F.S.A.,  and  containing  16  Coloured 
Plates  specially  prepared  for  Uiis 
Edition  by  H.  E.  Tidmarsh. 
Popular  Edition.  Two  Vols.,  12s. 
the  set. 

Heroes  of  Britain  in  Peaoe  and 
War.  With  300  Original  Illustra- 
tions. Cheap  Edition,  Complete 
in  One  VoL     3s.  6d. 

Holbein's  "Ambassadors"  Unrid- 
dled. The  Counts  Palatine  Otto 
Henry  and  Philipp.  A  Key  to 
other  Holbdns.  By  William 
Frederick  Dickes.  Illustrated. 
I  OS.  6d.  net. 

Houg^hton,  Lord  :  The  Life,  Letters, 
and  Fttendships  of  Richard 
Mondcton  mines,  First  Lord 
Houghton.  By  Sir  Wemyss  Reid. 
InTwoVols.  ,withTwo  Portraits.  32s. 

Hygiene  and  Pablio  Health.  By  a 
Arthur  Whitelegge,  M  .D.  7s.  6d, 

Za:  A  Love  Btory.  By  A.  T. 
Qu  iller-Couch  (Q).    3s.  6d. 

impregnable  Oitj,  The.  By  Max 
Pembbrton.    2^.  6d. 


India,  Cassell's  History  of.  In  One 
Vol.  Cheap  Edition.  Illustrated. 
7s.  6d. 

India:  Our  Eastern  Empire.  By 
Philip  Gibbs.  With  4  Coloured 
Plates  and  numerous  Illustrations. 
2S.  6d. 

In  Boyal  Pnrple.  By  William 
Pigott.    6s. 

Iron  Pirate.  The.  By  Max  Pember- 
TON.    3s.  6d.    People's  Edition,  6d. 

John  Gayther's  Ckurden.  By  Frank 
Stockton.    6s. 

Kate  Bonnet:  The  Romanoe  of  a 
Pirate's  Daughter.  By  Frank 
R.  Stockton.  With  8  Illustra- 
tions.   6s. 

Kidnapped.  By  R.  L.  Stevenson. 
3s.  6d  Peoples  Edition,  (A.  Pockei 
Edition^  cloth,  2S.  net;  leotber, 
3s.  net. 

Kilogram,  The  Coming  of  the ;  or. 
The  Battte  of  the  Standards.  Btf 
H.  O.  Arnold-Forster,  MA. 
Illustrated.     Cheap  Edition,    6d. 

King  Solomon's  Mines.  By  H. 
Rider  Haggard.  Illustrated 
3s.  6d.     PeopUs  Edition,  6d. 

KTonstadt  By  Max  Pemberton.  6s. 

Ladles'  Physician,  The.  By  A 
I^ndon  Physician.    3s.  6d. 

Laird's  Lnck,The,and  other  Fireside 
Tales.    By  A.  T.  Quxller-Couch 

(Q).    6s. 

land  of  the  Dons,  The.  By 
Leonard  Williams,  late  Tiwm 
Correspondent  at  Madrid,  Author  of 
"  Ballads  and  Songs  of  Spain,"  &a 
With  about  4a  Illustrations,  x5s.net. 

Landeis,  William,  D.D.  A  Memoir. 
By  his  Son,  the  Rev.  Thomas  D. 
Landbls,  M.A.  With  Portrait,  6s. 

Landscape  Painting  in  Water- 
Colonr.  By  J.  MacWhirter, 
R.A.  With  23  Coloured  Plates,  ss. 

Lepidns  the  Oentorion:  A  Roman 
of  To-day.  By  Edwin  Lester 
Arnold.    6s. 

Letts's  Diaries  and  other  Time- 
savinff  PnhUcatlons  published 
exclusively  by  Cassell  &  Com- 
pany.   {A  list  free  on  application,) 

Li  Hun^-chant:.  By  \lr5.  Archi- 
bald Little.  With  Rembrandt 
Frontispiece  and  3  Full-page  Plates, 
ics.  net. 

Lisi  7e  Landsmen  I  By  W.  Clark 
Russell.    3s.  64. 
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Little  Hngnenot,  The.     By  Max 

Pemberton.  New  Edition,  is.  6d. 

Little  Minister.  The.  By  J.  M. 
Barrie.  Illustrated.  Cheap  Edi- 
tion,   3s.  6d. 

Little NoTlce^The.  ByALixKiNG.  6s. 

Little  Squire.  The.  By  Mrs.  Henky 
DE  LA  Pasture.    3s.  6d. 

Living  London.  Edited  by  George  R. 
Sims.  Complete  in  3  Volumes,  each 
containing  over  450  Illustrations 
from  Photographs  expressly  taken, 
and  from  Drawings  by  the  best 
Artists.  I2S. ;  half-leather,  i6s.each. 

London,  Gassell'B  Guide  ta  lUus- 
trated.  New  Edition,  6d. ;  cloth,  is. 

London,  Oreater.  Two  Vols.  With 
about  400  Illustrations.  Cheap 
Edition.     45.  6d.  each. 

London,  Old  and  New.  Six  Vols. 
With  about  1,200  lUusi rations  and 
Maps.  Cheap  Edition.  4s.  6d.  each. 

London,  Rambles  In  and  Near.  By 
W.  J.  LoFTiE,  F.&A.  Illustrated. 
Popular  Ell  ition,  6s. 

Lord  Proteotor,  The.  By  S. 
Levett-Veats.    6s. 

Loveday  By  A.  E.Wickham.  3s.  6d. 

Kan's  Mirror,  A.  By  Emily  Pear- 
son Finnemorb.    6s. 

Han  in  Black,  The.  By  Stanley 
Weyman.    3s.  6d. 

Marie-^ve.  By  Marian  Bower.  6s. 
Marine  Painting  in  Wate]><k>lour. 

By  W.  L.  Wyllie,  A.R.A.     With 

24  Coloured  Plates,     u. 
Masque  of  Days,  A.    with  40  pages 

of  Designs  in  Colour  by  Walter 

Crane.    6s. 
Master  of  Ballantrae.     By  R.  L. 

Stevenson.  65.  Popular  Edition, 

3s.  6d. 
Mechanics,  Cassell's  Cyclop»dia  oC 

Edited   by   Paul    N.  Hasluck. 

Profusely  Illustrated.     Series  i,  2, 

and    3,   each   complete   in   itself. 

7S.  6d.  each. 
Medicine.  Manuals  for  Students  oC 

M  tist  forwarded  post  free. ) 
Military    Forces   of  the   Crown. 

Their  Organisation  and  Bquip- 

mentb    By  Colonel  W.  H.  Daniel. 

Illustrateci.     5s. 
Musics  ninstratod  History  o£    By 

Emil  Nauuann.     Edited  l^  the 

Rev.  Su*  F.  A.  GORB  Ouseley, 

Bart    Illustrated*    Cheap  Edition, 

Two  Vols.    18s. 


Musk    of  Roses.      By   Mary  L. 

Pendered.    6s. 

Nat  Harlowe,  Mountebank.  By 
George  R.  Sims.  With  16  Illus- 
trations.    3s.  6d. 

National  Gallery,  Thei  Edited  by 
Sir  E.  J.  Poynter,  P.R.A.  lUus- 
trating  every  Picture  in  the  National 
Gallery.  In  Three  Vols.  Published 
at  jf7  7S.,  now  increased  tojf  16 16s. 
the  set.  net 

National  Gallery  Catalogue.  Pro- 
fusely Illustrated.    6d.  net. 

National  Gallery  of  British  Art  (The 
Tate  Gallexy),  The  Catalogue 
of  the.  Containing  numerous  II  lus- 
trations, and  a  List  of  all  the  Pictures 
exhibited.     6d.  net. 

National  Library,  Cas8eIl*B.  3d. 
and  6d.  List  post  free  on  ap^ 
cation. 

National  Portrait  Gallery.  Edited 
by  Lionel  Cust,  M^,  F.S.A. 
Illustrating  every  Picture  in  the 
National  Portrait  Gallery.  Two 
Vols.    £t  6s.  net 

Nation's  Pictures,  The.  Complete  in 
4  Vols  Each  containing  48  Bmu- 
tiful    Coloured    Reproductions   of 

"  some  of  the  finest  Modem  Paintings 
in  the  PubUc  Picture  Galleries  of 
Great  Britain,  with  desciiptive  Text 
Qotb,  Z2S. ;  half-leather,  15s.  each. 

Natural  History,  Oassell's.  Cheap 
Edition,  With  at>out  2,000  Illu^ 
trations.  In  Three  Double  Vols. 
6s.  each. 

Natural  History,  Oassell'fe  Oondse. 
By  E.  Perceval  Wright,  M.A., 
M.D.,  F.L.S.  With  several  Hun- 
dred Illustrations.    7s.  6d. 

Nature  and  a  Camera,  Witli.  ^ 
Richard  Kearton.  F.Z.S.  vath 
Frontis|neoe,  and  180  Pictures  from 
Photographs  direct  from  Nature  by 
C.  Kbarton.  Cheap  Edition, 
7s.  6d. 

Nature's  Biddlea.  By  H.  W. 
Shkpheard-Walwyn,  M.A..  &c 
With  numerous  Illustrations.    6s. 

Nebo  the  Nailer.  By  S.  Baring- 
Gould.   6s. 

COonnen,  Daniel,  Hie  Lift  ot 
By  Michael  MacDonagh.  With 
Rembrandt  Frondspiece.    x6s.  neL 

Old  Fixes  and  ProataUa  Ohosti. 
ByA.T.QuiLLBR-CoucH(Q).  6s. 
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"Opbir,"  Mth  the  :  Round  the 
Empire.  With  24  Illustrations.  By 
Wm.  Maxwell.    6s. 

Our  Bird  Friends.  By  R.  Kearton, 
F.Z,S.  With  100  Illustrations  from 
Photographs  direct  from  Nature  by 
C.  Kearton.    5s. 

Our  Own  Country.  With  1,200 
Illustrations.  Cheap  Edition.  Three 
Double  Vols.     5s.  each. 

Oxford,  Reminiscences  o£  By  the 
Rev.  W.  TucKWELL,  M.A.  With 
16  Full-page  Illustrations.     9s. 

Painting,  Practical  Guides  to.  With 

Coloured  Plates : — 
Italian  Painting,   ss. 
CHINA  Painting,   s*. 
NEUTRAL  Tint.   ss. 

FLOWE  RS,  AND  How  TO  PAINT  THHM.     jS. 

Manual  op  oil  Painting,   as.  6d. 
Macwhirtf.r's  1-andscapb  Painting  in 

water-Colour.   5s. 
Wylliks   Marine  Painting  in  Water 

Colour.    5s. 

Paris,  CasseU's  Illustrated  Guide  ta 

Paper,  6d.;  cloth,  is. 
Passing  of  the  Dragon,  The.     By 

F.  Jay  Ceagh.     is. 
Peel,  Sir  R.      By  Lord  Rosebery. 

25.  6d. 

Penny  MagaslTie,  Tbe.  With  about 
6^0  Illustrations.  In  Quarterly 
Volumes.     2S.  6d.  each. 

Peoples  of  the  World,  The.  By  Dr. 
Robert  Brown.  In  SLx  Vols. 
Illustrated,     qs.  6d.  each. 

Peril  and  Patnotism.  True  Tales 
of  Heroic  Deeds  and  Startling 
Adventures.  Two  Vols,  in  One.  u. 

Personal  Recollections.  By  H. 
Sutherland  Edwards.    7s.  6d. 

Pictorial  Scotland  and  Ireland. 
With  320  Copyright  Illustrations 
from  Photographs.    9s. 

Pictures  of  iKany  Wan.  By  Fred- 
eric ViLLiERS.  A  Th.illing 
Narrative  of  Experiences  by  a 
world-famous  War  Correspondent 
Illustrated.     6s. 

Picturesque  America.  In  Four  Vols., 
with  48  Steel  Plates  and  800  Wood 
Engravings.  £\^  12s.  the  set 
Popular  Edition.     18s.  each. 

Picturesque  flwuada  With  600 
Original  Illustrations.  Two  Vols. 
3^9  9s.  the  set 

Picturesque  Burop*.  Popular  Bdi" 
Hon,  The  Continent  In  Three 
Voli.  Each  containing  13  Litho 
Plates  and  nearly  aoo  lUustratioDs. 
6s.  each. 


Picturesque  Mediterranean,  Theu 
With  Magnificent  Illustrations  by 
leading  Artists.  Complete  in  Two 
Vols,     £9  as.  each. 

Pigeons,  Fulton's  Book  of.  Edited 
by  Lewis  Wright.  Revised  and 
Supplemented  by  the  Rev.  W.  F. 
LuMLEY.  With  50  Full-page  Illus- 
trations. Popular  Edition.  los.  6d. 
Original  Edition,  with  ^o  Coloured 
Plates  and  numerous  Wood  En- 
gravings.     9IS. 

Planet,  The  Story  of  Our.  By  Prof. 
BONNEY,  F.R.S.  With  Coloured 
Plates  and  Maps  and  about  100 
Illustrations.  Cheap  Edition.  7s.  6d. 

Playfair,  Lyon,  First  Lord  Playf air 
of  8t  Andrews,  Hemoirs  and  Cor- 
respondence o£  By  Sir  Wemyss 
Re  ID.  With  Two  Portraits.  Cheap 
Edition.    7s.  6d. 

Playthings  and  Parodiea  By  Barry 
Pain.    3s.  6d. 

Plowshare  and  the  Sword,  The. 
By  Ernest  George  Henham.  6s. 

Potsherds.  By  Mrs.  Henry  Birch- 
enough.    6s. 

Poultry  Club  Standards,  Thei  With 
an  Introduction  by  Lewis  Wright. 

'  Edited  by  T.  Threlford.  is.  net 

Poultry,  The  Book  of.  By  Lewis 
Wri(;ht.  Popular  Edition.  io8.6d. 

Poultry,  The  New  Book  of.  Ky 
Lewis  Wright.  With  30  new 
Coloured  Plate?,  expressly  pre- 
pared by  J.  W.  Ludlow,  and  other 
Illtistrations.    sis. 

Poultry  Keeper,  The  PractlcaL  By 
Lewis  Wright.  With  Eight 
Coloured  Plates  and  numerous 
Illustrations,    qs.  6d. 

Princess  Oynthut,  Tha  By  Mar- 
GUKkTTE   Bryant.    6s. 

Profitable  Home  Farming,  spedaUy 
adapted  to  Occupants  of  Small 
Homesteads.  By 'Yeoman.'  is.; 
cloth,  IS.  6d. 

Q^  Works.    5s.  each. 

t«DBAD  Man's  Rock, 
{•thb  splendid  spub. 

fTHB  ASTONISHING   HlSTOftV    OP    TROY 

TOWN. 
"I  Saw  Thrbb  Ships,"  aad  other  Winierli 

Tate. 
Noughts  and  Crossbs. 
Thb  dblbctablb  duchy. 
Wandbking  HBATH. 
•AlioaC9k6d.      t  Abo  A«^#  AAWnw  at  fd. 

Queen's  London,  TIml  Containing 
about  450  Exquisite  Views  of  Lou- 
don andf  its  Environs.    9s. 
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QnMiiVlotoiia.  APenonalSketob. 
By  Mrs.  Oliphant.  With  Three 
Rembraodt  Plates  and  other  Illus- 
trations. 3S.  6d«  Also  5s.,  half* 
norooco. 

Babhit-Keeper,  Tlie  PraetioaL  By 
"  CUNICULUS. "  assisted  by  Eminent 
Fanciers.  With  Illustrations.  3s.  6d. 

Ballway  OnldM,  OffldaL  With  Illus- 
trations, Maps,  &C.    Price  is.  each  ; 

or  in  Cloth,  is.  6d.  each. 
London  and  north  Western  Railway. 
Great  Western  railway. 
Midland  Railway. 
Great  Northern  Railway. 
Great  Eastern  Railway. 
London  and  south  western  Railway, 
london,  brighton  and  south  coast 

Railway. 
South  Eastern  andCkathau  Railway. 

Eeflner'B  Fire,  Tha     ^  Mrs.  B^ 

HOCKLIFFE.      3s.  6d. 

BlTers  of  Qreat  Britain :  Descriptive, 
Historical.  Pictorial. 

RIVERS  OF  TH  B  SOUTH  AND  WEST  COASTS. 

Popular  EdUiOH,  s6s. 
RIVERS    OF   THE    EAST  COAST.       PefuU* 

Bthtian,  i6s. 

Bogne'8  March,  Tbe.  By  £.  W. 
Hornung.    3s.  6d. 

Boyal  Academy  Fictores.    Annual 

Volume.     7s.  6d. 
BnBfrlTi,  Jobn :  A  Sketch  of  Hl£  Life, 

His  Work,  and  HIb  OplnioiiB,  with 

Personal  Reminiscences.    By  M. 

H.  Spielmann.    5s. 

Saturday  Journal,  Cassell'a  Yearly 
Volume,  cloth,  7s.  6d. 

Scales  of  Heaven,  Tha  NairatlTe, 
Legendary  and  HeditatlTe.  With 
a  few  Sonnets.  By  the  Rev.  Fred- 
erick Langbridge.    5s. 

Science,  Cassell's  Popular.  Edited 
by  Alexander  S.  Galt.  Vol.  1 
with  12  Coloured  Plates  and 
numerous  Illustrations.     12s. 

Science  Series,  The  Century.  Con- 
sisting of  Biographies  of  Eminent 
Scientific  Men  of  the  present  Cen- 
tury. Edited  by  Sir  Henry  Roscoe, 
D.  C.  L. ,  F.  R.  S.  Crown  8vo.  New 
Edition,    10  Vols,    2s.  6d.  each. 

Science  for  AIL  Edited  by  Dr. 
Robert  Brown.  Cheap  Edition, 
In  Five  Vols.     3s.  6d.  each. 

Scientific  Truth,  The  Criterion  of. 
•  By  George  Shann.    is.  6d. 

Sea,The8toi7  0fthe.  Edited  by  Q. 
lUustrated.  In  Two  Vols.  9s.  each. 
Cheap  Edition,    5s,  each. 


Sea  WOlTes,  Thei  By  Max  Pembsr- 
TON.  3s.  6d.  People's  Edition,  6d. 

Sentimental  Tommy.  By  J.  M. 
Barrie.    Illustrated.    6s. 

Shaftesbury,  The  Seventh  Earl  ol^ 
K.O.,  The  life  and  Work  o£  Bj 
Edwin  Hodder.  Cheap  Edition. 
3s.  6d. 

Shakespeare,The  Plays  ot  Edited  by 
Professor  Henry  Morley.  Com- 
plete in  Thirteen  Vols.,  cloth,  21s. ; 
also  39  Vols.,  cloth,  in  box,  axs. 

Shakespeare,  The  England  ol  New 
Edition.  By  E.  GOADBY.  With 
Full-page  Illustrations.    2s.  6d. 

Shakspere,  The  Leop61d.  With  400 
Illustrations.  Cheap  Edition,  3S.6dL 
Cloth  gilt,  gilt  edges,  5s.  ;  half- 
Persian,  5s.  6d.  net 

Shakspere,  The  BoyaL  With  50 
Full-page  Illustrations.  Complete 
in  Three  Vols.     15s.  the  set. 

Shaw,  Alfted,  Cricketer:  His  Career 
and  Reminiscences.  Recorded  \sf 
A.  W.  PuLLiN.  With  a  Statist- 
ical Chapter  by  Alfred  J.  Gaston. 
Cheap  Edition,  paper  covers,  is. 

Ship  of  Stars,  The.      By  A.    T, 

QUILLER-COUCH  (Q).      6s. 

Siberia,  The  BeaL  By  J.  Foster 
Eraser.  With  numerous  Illus- 
trations from  Photographs.    6s. 

Sl^rhts  and  Scenes  In  Oxford  dtyaad 
Umyersity.  Described  by  Thomas 
Whittaker,  B.A.  With  100  Illus- 
trations after  Original  Photographs. 
Popular  Edition,  los.  6d.  net. 

Social  England.  A  Record  of  the 
Progress  of  the  People.  Byvarious 
Writers.  Edited  by  H.  D.  Traill, 
D.CL.,  and  J.  S.  Mann,  M.A. 
New  IllustraUd  Edition,  to  be 
completed  in  Six  Vols.  Vols.  I.  to 
IV.,  14s.  net  each. 

Some  Persons  Unknown.  By  £.  W, 
Hornung.    3s.  6d. 

Songs  of  Near  and  Par  Away.  By 
R  Richardson.  With  numerous 
Coloured  and  other  Illustrations.  6s. 

Sports  and  Pastimes,  Cassell's 
Book  ol  With  numerous  Illus- 
trations    New  Edition.     3s.  6d. 

Sports  of  the  World.  Edited  by 
F.  G.  Aflalo,  F.R.G  S.,  F.Z.S. 
W^ith  several  hundreds  of  New  and 
Original  Illustrations.    12s. 
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standard  Utoazy,  Oaiaell's.  Pop- 
ular Works  by  Great  Authors  of  the 
Past.  IS.  net  each.  (List  free  on 
application.) 

Star-Land.  By  Sir  Robert  Ball. 
LL.D.  Illustrated.  New  and  En- 
larged  Edition,    7s.  6d. 

Bnn,  The  Story  of  tbe.  By  Sir 
Robert  Ball,  LL.D.  With  Eight 
Coloured  Plates  and  other  Illus- 
trations.    Cheap  Edition.    los.  6d. 

Bwi88  PamUy  BoblnBon.  In  words 
of  one  syllable.     6d. 

Tecbnlcal  Instniction.    A  Series  of 

Practical  Volumes.     Edited  by  P. 

N.  Hasluck.  Illustrated.  2s.  each. 

Practtcaz.  Staircasb  joinery. 
Practical  Metal  Plate  work. 
Practical  Gas  Fitting. 
Practical  Draughtsmen's  work. 
Practical  graining  and  marbling. 

Tenant  of  the  Orange,  The.  By 
MoRiCE  Gerard.    65. 

Tidal  Thamea,  The.  Bv  Grant 
Allen.  With  India  Proof  Im- 
pressions of  20  magnificent  Full- 
page  Photogravure  Plates,  and  with 
many  other  Illustrations  in  the  Text 
after  Original  Drawings  by  W.  L. 
Wyllie,  A.R.A.    42s.  net. 

TcAedo  and  Kadrid :  Their  Reoorda 
and  Romances.  By  Leonard 
Williams.  With  55  Illustrations. 
Z2S.  6d.  net 

Tommy  and  GrisdL  ByJ.M.BARRiE. 
6s. 

TreaanrelBland.  Bv  R.  L.  Stevenson. 
Cheap  Illitstrated  Edition,     3s.  6d. 

Turner,  J.  M  W.,  B.A.,  The  Water- 
ColOTir  Sketches  of,  in  the 
National  Gallery.  With  58  Fac- 
simile Reproductions  in  Colour, 
comprising  the  rivers  of  France — 

Illustrated  Magfazfiies 

THE  QinVSR.     Monthly,  6d. 
CASSELL'S  KAOAEINB.  Monthly,  6d. 
UTTLB  FOLKS.    Monthly,  6d. 

THE  PENNY  KAGAZINE.    Weekly. 

id. ;    Monthly,  6d. 
CASSELL'S   SATUBDA7  JOUBNAL. 

Weekly,  id.;  Monthly,  6d. 

AND    WOKEN.      Edited   by 
Geo.  R.  Sims.    Weekly,  id. 

cassell  &  company 


the  Seine— the  rivers  of  England,  the 
ports  of  England.  The  descrip- 
tive text  written  by  Theodore  A. 
Cook,  M.A.,  F.S.A.     £^  3s.  net. 

** Unicode":  The  Uttlyersal  Tele- 
graphic Phrase  Book.  Desk  or 
Pocket  Edition,     as.  6d. 

Uniyersal  History,  OasseU's  niu- 
trated.    Four  Volumes.    5s.  each. 

Wars  of  the  Nineties,  Thei  A  His- 
tory of  the  Warfare  of  the  last  Ten 
Years  oftheioth  Century.  Profusely 
Illustrated.     In  One  Vol.     7s.  6d. 

Westminster  Abbey,  Annals  ot  By 
E.  T.  Bradley  (Mrs.  A.  Murray 
Smith).  Illustrated.  Cheap  Edition, 
ais. 

Whiter  Natural  History  of  Sel- 
bone.  With  Notes  by  R.  Kear- 
TON»  F.Z.S.  Containing  over  120 
Illustratk>os  from  Photographs.  6s. 

Wild  Plowers,  Familiar.  By  F. 
Edward  Hulme,  F.L.S.,  F.S.A. 
With  240  beautiful  Coloured  Plates. 
Cheap  Edition.  In  Seven  Volumes. 
3s.  6d.  each. 

unid  Nature's  Ways.  By  R.  K ear- 
ton,  F.Z.S.  With  numerous  Illus- 
trations from  Photographs  by  the 
Author  and  C.  Kearton.   ios.  6d. 

Wild  life  at  Home :  How  to  Stady 
and  Photograph  It  By  Richard 
Kearton,  F.Z.S.  Illustrated  from 
Photographs  by  C.  Kearton.    6s. 

"Work**  Handbooks.  Edited  by 
Paul  N.  Hasluck,  Editor  oif 
Work.     Illustrated,     is.  each. 

Wrecker,  Tha  By  R.  L.  Stevenson. 
6s.   Popular  Edition,  3s.  6d. 


and  Practical  Journals. 

THB   MAOAZINE   OF  ABT.      Nem 

Series.     Monthly,  is.  net. 
OHUHS.       The     Paper    for    Boys. 

Weekly,  id.;    Monthly,  6d. 
TINY   TOTS.     For  the  Very  Uttle 

Ones.     Monthly,  id. 
WORK.    Weekly,  id.;  Monthly,  6d. 
BUIIJ>INO  WOBLDl     Weekly,  id.; 

Monthly.  6d. 
THB  aARDENER.    Weekly,  id. 
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Bibles  and  Religious  Works* 


Aids  to  Practical  Religion.  Selec- 
tions from  the  Writings  and  Ad- 
dresses of  W.  Boyd  Carpenter, 
Lord  Bishop  of  Ripon.  By  the 
Rev.  J.  H.  Burn,  B.D.,  F.R.S.E. 
3s.  6d. 

Atonement,  Tbe.  By  William 
Connor  Magee.  D.D.,  late 
Archbishop  of  York. 

BnfleBlograpbiea  lUus.  is.6d.  each. 

THB  STORY  OP  Moses  AND  JOSHUA.     By 

the  Rer.  J.  Telford. 
THB  Story  of  thb  JUDCBS,    By  the  Rev. 

J.  WycUffe  Gedge. 
THB  ^ORY  OF  SAMUBL  AND  SAUL.    By  the 

Rer.  D.  C  Torey. 
Thb  STORY  OF  David.   By  the  Rer.  J.  Wild. 
THB  STORY  OF    lOSEPH.    Its  Lessons  for 

To-iSay.    By  the  Rev.  George  Baiiitoo. 


THB  Story  of  jssas. 
Macduff.  O.D. 


In  Verse.    By  J.  R. 


BlUe  Commentary  for  EngUali 
Readers.  Edited  by  Bishop  Elli- 
COTT.  With  Contributions  by 
eminent  Scholars  and  Divines: — 

NBW  Testament.    I^nlar  EaUton.    Un. 

abridged.    Time  Vols.    68.  each. 
OLD   TBSTAMEMT.    P«pu^ar  Edition,    Un. 

•bridged.    Five  Vols.   6s.  each. 
SPECIAL  POCKBT  EDITIONS,     as.  each. 

Slide  Dictionary,  GasBeU'e  Oondae. 
By  the  Rev.  Robert  Hunter, 
LL.D.  Illustrated.  Cheap  tdttion, 
3a- 6d. 

BlVleStadentlntheBritishMaBenm, 
Tbe.  By  the  Rev.  J.  G.  K  itch  in, 
M.A.  New  and  Revised  Edition, 
IS.  4d. 

COdld'B  Bible,  The.  With  loo  lUus- 
trations  and  Coloured  Plates.  New 
Edition,    los.  6d. 

ahSld  "Wonderfal,''  The.  A  Series  of 
9  Pictures  in  colours  by  W.  S. 
Stagey,  illustrating  incidents  in 
the  Life  of  Christ.    2s.  6d. 

Ohuch  of  England,  The.  A  H  istory 
for  the  People.  By  the  Very  Rev. 
H.  D.  M.  Spencb,  D.D.,  Dean  of 
Gloucester.  Illustrated.  Complete 
fai  Four  VolsL    68.  each. 

(Sinreh  Refonn  In  Spain  and  Porto- 
gaL  Bv  the  Rev.  H.  E.  NOYES, 
D.D.     Illustrated,    ss.  6d. 


Dor6  Bible.  With  200  Full-page 
Illustrations  by  Gustavb  Dor6. 
Popular  Edition,     15s. 

Early  Chrletlanity  and  Paganism. 

By  the  Very  Rev.  H.  D.  Spence, 
D.D.     Illustrated.    18s.  neL 

Early  Days  of  Christianity,  Tha 
By  the  Very  Rev.  Dean  Farrar. 
D.D.,  F.R.S.  Library  Edition. 
Two  Vols.,  245.  ;  morocco,  £9  2s. 
Popular  Edition.  Complete  in 
One  Volume.  Cloth,  gilt  edges, 
7S.  6d.  Cheap  Edifion,  Cloth  gilt, 
3s.  6d.  ;  paste  grain,  5s.  net 

Family  Prayer-Book,  The.  Edited 
by  the  Rev.  Canon  Garbett, 
M.  A.,  and  Rev.  S.  Martin.  With 
Full-page  Illustrations.    7s.  6d. 

(Oeanlnga  after  Harreet.  Studies 
and  Sketches  by  the  Rev.  John  R. 
Vernon,  M.A.  lUustrated.  Cheap 
EditicM.    3s.  6d. 

"  Orayen  In  the  Rock."  By  the  Rev. 
Dr.  Samuel  Kinns,  F.R.A.S. 
Illustrated.  Libra fy  Edition,  Two 
Vols.    15s. 

*<  Heart  Chorda"  A  Series  of  Works 
by  Eminent  Divines,     is.  eadx. 

MY  Comfort  in  sobiow.   By  Hash  Mao- 
mlDan,  D.D. 

MY  BIBLE.    By  the  Rkfbt  Rer.  W.   Boyd 
Caipenter,  Bishop  of  Riponi 

MY   Father.     By  the  Right  Rer.  Ashtca 
Oxenden,  late  Usbop  of  MontreaL 

Bishop  Cottenll. 

Chadwick,  D.D. 

MY  Growth  in  Divine  Life.   By  the  Rer. 
PBel*  Reynolds.  M.A. 

MySovx.    BytheReT.P.&]Hmer.M.A 

MY  HBJtBAFTBR.    By  Ow  Veiy  ResL  DoM 
Bickeisteth. 

MY  Am  to  the  DIVXNB  LIFB.    By  ttie  Very 
Rer.  Dean  Boyle. 

My  Wauc  wrm  Goix    »r  Um  Vmy  Resb 
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Holy  Land  and  tbe  Bibla  A  Book 
of  Scripture  Illustrations  gathered 
in  Palestine.  By  the  Rev.  Cun- 
ningham Geikib,  D.D.  Cheap 
Edition,  7s.  6d.  Superior  Edition. 
With  34  Plates.  Cloth  gilt,  gilt 
edges,  10s,  6d.  '•  Quiver"  Edition. 
Abridged  by  the  Author.  With  8 
Full-page  Illustrations.  2s  6d.  net. 

Uf e  of  Cbrlstp  The.  By  the  Very 
Rev.  Dean  Farrar.  Ckeap 
Edition.  With  16  Full-page  Plates. 
3s.  6d.  ;  paste  grain.  5s.  net. 
Illustrated  Quarto  Edition.  Cloth 
gilt,  gilt  edges,  7s.  6d.  Biographi- 
cal Edition,  los.  6d.  net.  Original 
Illustraled  Edition,  21s. 

Life  of  LiTOt,  Tho :  Fnrtlier  Studies 
in  the  Life  of  Christ  By  Dean 
Farkar.  15s.  Popular  Edition, 
7s.  6d. 

Ufe  and  Work  of  the  Redeemer. 

Illustrated.  *•  Quiver"  Edition. 
With  8  Full-page  Illustrations. 
2S.  6d.  net 

Katin  and  Vesper  Bells.  Earlier 
and  Later  Collected  Poems 
(Chiefly  Sacred).  By  J.  R.  Mac- 
duff, D.D.  Two  Vols.  7s.  6d. 
the  set. 

Methodiun,  Bide  Ughts  on  the 
Ckmfiiots  o£  During  the  Second 
Quarter  of  the  Nineteenth  Century, 
Z827-X852.  From  the  Notes  of  the 
late  Rev.  Josbph  Fowler  of  the 
Debates  of  the  Wesleyan  Con- 
iierenoe.  Ooth,  8s.  Popular  Edi- 
Horn.    Unabridged.    Cloth,  3&  6d. 

Miradea.  By  the  Rev.  Brownlow 
Maitland,  M.A.    zs. 

Koies  and  Geology;  or,  The  Har- 
mony of  the  Bible  with  Seienoe. 
By  the  Rev.  Samuel  Kinns. 
Ph.D.,  F.R.AJ3.  lUusCmted  zos.6d. 


Pilgxim*s  Progress,  The.  By  John 
BUNYAN.  Superior  Edition.  With 
Notes  by  the  Rev.  Robert 
Maguire.  M.A,  and  containing 
numerous  Illustrations  by  H.  C. 
Selous  and  M.  Paolo  PRioLa 
3s.  6d. 

Plain  Introductions  to  the  Books 
of  the  Old  Testament  Edited  by 
Bishop  Ellicott.     3s.  6d. 

Plain  Introdnctions  to  the  Books 
of  the  New  Testament  Edited 
by  Bishop  Ellicoit.    3s.  6d. 

Protestantism,  Tbe  History  o£ 
By  the  Rev.  J.  A.  Wylie,  LL.D. 
Containing  upwards  of  600  Orig- 
inal Illustrations.  Cheap  Edition, 
Three  Vols.    53.  each. 

QniTor  Tearly  Volume,  The.  With 
about  900  Original  Illustrations. 
7s.  6d. 

St  Paul,  The  Ufe  and  Work  ot 
By  the  Very  Rev.  Dean  Farras. 
Cheap  Edition,  With  16  Full-page 
Plates,  3s.  6d. ;  paste  grain,  5& 
net ;  Popular  Edition^  7s.  6d. ; 
Illustrated  4/0  Edition^  7s.  6d. ; 
Original  Illustrated  Edition,  £9  2a. 

**Six  Hundred  Tears";  or.  His- 
torical Sketches  of  Eminent  Men 
and  Women  who  have  more  or  less 
come  into  contact  with  the  Abbey 
and  Church  of  Holy  Trinity, 
Minories,  from  1293  to  189^  With 
65  Illustrations.  By  the  Vicar,  the 
Rev.  Dr.  Samuel  Kinn&  ios.  6d. 
neL 

"Sunday,"  Its  Origin.  History,  and 
Present  Obligation.  By  the  Veo. 
Archdeacon  Hbssey,  UCU  Fifik 
Sditiom,    7a6d. 
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Educational  Works  and  Students^  Mantsals^ 


Id  words  of  one 
4  Coloured  Plates 


syUable.     With 

and  numerous  Illustration*^     6d. 

AlpbalMt*  CasMU's  PlctoxUd. 
and  as.  6d. 

ArebiteotaralDravliiff.  R.  PHSNii 
Spiers.  With  26  Plates.  Neto 
Edition.    7s.  6d.  net 

AtUi,  Cassell'B  Popular.  Contain- 
ing 24  Coloured  Maps.     is.  6d. 

Bla^tboard  Drawing.  By  W.  E. 
Sparkes.     Illustrated.     ^.  6d. 

Bnuhwork  Series,  Casiell'i, 
Series  I.— Wild  Flowers,  Series 
11.— Pictures  Wanting  Words. 
Series  III. — hNTBRTAiNiNG  Pic- 
tures. 3d.  per  Set,  each  contain- 
ing 12  Sheets.  Each  Sheet  includes 
a  Set  of  Six  Water  Colours. 

Book  -  keeping.  By  Theodore 
Jones.  For  Schools,  2s.;  cloth,  33. 
For  the  Million,  2s.;  cloth,  3s. 
Books  for  Jones's  System,  as. 

Cliemistry,  The  Publfo  SchooL  By 
J.  H.  Anderson,  M.A.    as.  6d. 

Dnloe  DomimL  Rhymes  and  Songs 
for  Children.  Edited  by  John 
Farmer.    53. 

England,  A  History  ot  By  H.  O. 
Arnold  -  Forstbr,  M.A.  Illus- 
trated.   5s. 

£aclld,  Cassell'a  Edited  by  Prof. 
Wallace,  M.A.    is. 

"Eyes  and  No  l^s"  Series  (Gas- 
seU's).  By  Arabella  Buckuey. 
With  Coloured  Plates  and  other 
Illustrations.  Six  Books.  4d.  and 
6d.  each.  Complete  Volume,  3$.  6d. 

Fonnders  of  the  Empire.  By 
Philip  Gibbs.  Illustrated,  is.  8d.  ; 
cloth,  as.  6d. 

Ptench,  Cassell' 8  Lessons  in.  Cheap 
Edition,  In  Two  Parts.  Cloth, 
is.  6d.  each.  Complete  in  One 
Vol.,  as.  6d.     Key.  is.  6d. 

nenoh-English  andRnglish-rtench 
Dictionary.  1,150  pages.  Cloth  or 
buckram,  3s.  6d. ;  half-morocco.  5s. 

French-Engush  and  English-French 
Dictionary,  Cassell's  New.  Edited 

by  James  RoIellb,  B.A.    7s.  6d. 
Gaudeamns.    Songs  for  Colleges  and 
Schools.  Edited  by  John  Farmer. 
5s.    Words  only,  paper  covers,  6d.; 
doth,  9d. 


Geography:  A  Fractloal  Method  of 
Teaching.  Book  L,  England  and 
Wales,  in  Two  Parts.  6d.  each. 
Book  IL ,  Europe.  B^  J.  H.  Ovkr- 
TON,  F.G.&  6d.  Tracing  Book, 
containing  aa  leaves,  ad. 

German  Dlottooary,  GasMll'a  (Ger- 
man -  English,  English  -  German.) 
Chiap  Edition,  Qoth,  3s.  6d. ;  half- 
morocco,  53. 
.  OreOk  Heroes.  New  Sapplementaxy 
Reader.  With  4  Coloured  Plates 
and  numerous  Illustrations.    6d. 

Hand  and  V^  Training.  By  G. 
Ricks,  aSc  Two  Vols.,  with  16 
Colom^  Plates  in  each.    6s.  each. 

Hand  and  Qsre  Training.  Bv  George 
Ricks,  B.Sc.,  and  Jos.  vaughan. 
Illustrated.  Vol.  I.,  Cardboard 
Work.  ss.  VoL  II.,  Colour  Work 
and  Design,  3s. 

Historical  Cartoons,  OmMII's  OoI- 
onred.  Size  45  in.  x  35  in.  3s.e$u^ 
Mounted  on  Canvas  and  varnished, 
with  Rollers,  5s.  each. 

In  Danger's  Bonr;  or.  Stout  Hearts 
and  Stirring  Deeds.  A  Book  of 
Adventures  for  School  and  Home. 
With  Coloured  Plates  and  other 
Illustrations.  Qoth,is.8d.;  bevelled 
boards,  as.  6d. 

Xing  Solomon's  Mines.  Abridged 
Edition,  for  Schools,     is.  3d. 

Latin-Engli«h  and  Bnglish-IatiB 

Dictionary.    ^  6d.  and  5s. 
Latin  Primer,  The  First   By  Prof. 

POSTGATE.      IS. 

Latin  Primer,  The  New.    By  Prof. 

J.  P.  POSTGATE.  Crown  8V0. 3S.  6d. 

Latin  Froee  for  Lo^rar  FOnns.  By 
M.  A.  Bayfield.  M.  A.    as.  6d. 

Laws  of  Erexy-day  Life.  By  H.  O. 
Arnold- FoRSTER,  M.A.     xs.  6d. 

Kagna  Carta.  A  Facsimfle  of  the 
Original  Document,  monnted  on 
cardboard,  together  with  a  Trans- 
lation.   IS.  6d. 

Marlhorongh  Books :— Arithmetic 
Examples,  Revised,  3&  French  Ex- 
ercises, 3s.  6d.  F^^oich  Gnmnmar, 
2S.  6d.    German  Grammar,  3s.  6d. 

Mechanics  and  Maclrimt  Design, 
Numerical  Kramples  in  Fracttcal. 
By  R.  G.  Blaine,  M.E.  Revised 
and  Enlarged,   Illustrated.  9a,6A, 
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Mediaaloi,  Apidied.  By  J.  Pesry, 
M.  B. ,  D.  Sg.  ,  &C.  Illustrated.  7s.  (A. 

Mechanics,  OasseU'B  CydopsBdia  of. 
Edited  by  P.  N.  Hasluck.  Series 
I.,  II.,  and  III.  7s.  6d.  each. 
(Each  Series  is  complete  in  itself. ) 

Ketrlo  Oharts,  CasseU'B  Approyed. 
Two  Coloured  Sheets,  4a  in.  by 
aa^  in.,  illustrating  by  Designs 
and  Explanations  the  Metric  Sys- 
tem. IS.  each.  Mounted  with 
Rollers,  3s.  each.  The  two  in  one 
with  Rollers,  5s.  each. 

Models  and  Common  Objects,  How 
to  Draw  from.  By  W.  £.  Sparkes. 
Illustrated.     3s. 

Models,  Common  Objects,  and  Casts 
of  Ornament^  How  to  Bbade  from. 
By  W.  E.  Sparkes.  With  25 
Plates  by  the  Author.    3s. 

Object  Lessons  from  Nature.  By 
Prof.  L.  C.  MiALL,  F.L.S.  Fully 
Illustrated.  New  and  Enlarged 
Edition,    Two  Vols.,  is.  6d.  each. 

Fbysiology  for  Schools.  By  A.  T. 
SCHOPIELD,  M.D.,  &c.  Illustrated. 
Cloth,  IS.  9d. ;  Three  Parts,  paper, 
5d.  esich ;  or  cloth  limp,  6d.  each. 

Poetry  for  Children,  Cassell'a  6 
Books,  id.  each  ;  in  One  Vol.,  6d. 

Popular  Educator,  Cassell's.  With 
Coloured  Plates  and  Maps,  and 
other  Illustrations.  8  Vols.,  5s.  each. 

Reader,  The  Citisen.  By  H.  O. 
Arnold  -  Forster,  M.A.  Illus- 
trated. IS.  6d.  Also  a  Scottish 
Edition,  cloth,  is.  6d. 

Header,  The  Temperance.  By  J. 
Dennis  Hird.     is.  or  is.  6d. 

Readers,  CasseU's  -  Belle  Sauvage." 
An  entirely  New  Series.  Fully 
Illustrated.  Strongly  bound  in  cloth. 
{[.ist  on  application.) 

Readers,  Cassell's  Classical,  for 
School  and  Home.  Illustrated. 
VoL  I.  (for  young  children),  is,  8d. ; 
Vol.  II.  (boys  and  girls),  as.  6d. 

Readers,  CasseU's  *<  Higher  Class." 
(List  on  application.) 

Readers,  Cassell's  Readable.  Illus- 
trated.    {lAst  on  application,) 

Readers,  Cassell's  Union  Jack 
Series.  With  Coloured  Plates  and 
numerous  Illustrations.  6  Books. 
From  8d.  each. 

Readers  for  Inflant  schools,  Col- 
onred.    Three  Books.    4d.  each« 


Readers,  Geographical,  CasseU's 
New.  Illustrated.  {List  on  appli- 
cation). 

Readers,  The  "Modem  School.'' 
Illustrated.    (List  on  application, ) 

Readers,  The  "Modem  School" 
QeographicaL  (List on  application, ) 

Reckoning,  Howard's  Art  o£  ByC 
Frushbr  Howard.  Paper  covers, 
IS. ;  cloth,  as.     New  Edition,    5s. 

Round  the  Empire.  By  G.  R. 
Parkin.   Fully  Illustrated,   is.  6d. 

R.  H.  a  Cnrvea  By  Prof.  R.  H. 
Smith.  A  Set  of  33  Scaled  Tem- 
plates, with  Pamphlet,  los.  6d. 

Scholar's  Companion  to  *' Things 
Mew  and  Old."  Five  Books.  33 
pages,  extra  crown  8vo.     ad.  each. 

Shakspere's  Plays  for  School  Use. 
7  Books.     Illustrated.     6d.  each. 

Spelling,  A  Complete  Manual  ot 
By  J.  D.  Morell,  LL.  D.  Cloth, 
IS.    Cheap  Edition,  6d. 

Spending  and  Saving:  A  Primer  of 
ThrifL   By  Alfred  Pinhorn.  is. 

Technical  Educator,  Cassell's.  With 
Coloured  Plates  and  Engravings. 
Complete  in  Six  Volumes.  3s.  6d. 
each. 

Technical  Manuals,  CasseU'a  Illus- 
trated throughout.  Sixteen  Books, 
from  as.  to  4s.  6d.  (List  on  appli* 
cation,) 

Technology,  Manuals  ot  Edited  by 
Prof.  Ayrton,  F.R.S.,  and  Rich- 
ard WORMELL.  D.Sc.,  M.A. 
Illustrated  throughout  Seven  Books 
from  3s.  6d.  to  5s.  each.  (List  on 
atplicaiion, ) 

Thmgs  New  and  Old;  or.  Stories 
from  English  History.  By  H.  O. 
Arnold  -  Forster,  M.A.  Illus- 
trated.   7  Books  from  9d.  to  is.  8d. 

Things  New  and  Old,  Scholar's  Com- 
panion to.    5  Books,    ad.  each. 

This  World  of  Onra  By  H.  O. 
Arnold -Forster,  M.A.  Illus- 
trated.    Cheap  Edition,    as.  6d. 

Troubadour,  llie.  Selections  from 
English  Verse.  Edited  and  Anno- 
tated by  Philip  Gibbs.    is.  6d. 

"Wild  Flowers"  Sheets,  CasseU's. 
13  Sheets,  each  containing  10  ex- 
amples of  familiar  wild  flowers, 
beautifully  reproduced  in  colours 
and  varnished,     is.  6d.  each. 


CASSELL  &  COMPANY,  Limitxs,  Ludgate  Hill,  London, 
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Books  for  the  Little  Ones. 


▲    Bimday    Story   Book.    3s.  6d. 

320  pages  of  Simple  Stories,  alter- 
nating with  Pictures. 

Animal  Land  for  Little  People.  By 
S.  H.  Hamer.    Illustrated,    is.  6d. 

Beneath  tbe  Banner.  Being  Narra- 
tives of  Noble  Lives  and  Brave 
Deeds.  By  F.  J.  Cross,  Illus- 
trated. Limp  cloth,  is. ;  cloth 
gilt,  2S, 

Birds,  BeastB  and  Fishes.  By  S.  H. 
Hamer.  With  Four  Coloured 
PlaieL*  and  numerous  Illustrations. 
IS.  6d. 

Bo-Peep.  A  Book  for  the  Little  Ones. 
With  Original  Stories  and  Verses. 
Illustrated  with  Full-page  Coloured 
PLites,  and  numerous  Pictures  in 
Colour.  Yearly  Volume.  Picture 
boards,  2S.  6d.  ;  cloth,  3s.  6d. 

Good  Morning:!  Good  Night!  By 
F.  I.  Cross.  Illustrated.  Limp 
cloth,  is. ;  or  cloth  boards,  gilt 
lettered,  2s. 

Heroes  of  Every-day  Life.  By  L aur  a 
Lane.     Illustrated.     2s.  6q. 

"  LitUe  Folks "  Half-Yearly  Volume. 
Containing  480  pages,  with  Six- 
Full- page  Coloured  Plates,  and 
numerous  other  Pictures  printed  in 
Colour.  Picture  boards,  3s.  6d. 
Cloth  gilt,  gilt  edges,  5s.  each. 

"Little  Folks"  Flaya  Each  con- 
taining 2  Coloured  Plates  and 
numerous  Illustrations.  6d.  net 
each : — 

ClNDnRF.LLA.    By  Miranda  Hill. 

KUMFUI,STU.TZKW  AND  DL'MMT.INC.  Two 

Pliyiv.     By  Miranda  Hill. 
How  TO  (Jet  up  a  Children's  Play 

By  Mag-gic  Browne. 

*«  Little  FoUes"  Sons:  Book.  With 
Four  Coloured  Plates.     3s.  6d. 

Little  Folks'  Sunday  Book.  By 
Christian  Redford.    Illustrated. 

2S. 

Little  Mother  Bunch.  By  Mrs. 
MoLESWOKTH.  Ulubtratei.  2s.  6d. 

Magic  at  Home.  By  Prof.  Hoff- 
man. Illustrated.  Cloth  gilt, 
3s.  6d. 

Master  Charlie.  By  C.  S.  Harri- 
son and  S.  H.  Hamer.  Illus- 
trated.    Coloured  boards,  is.  6d. 


Mioky  Magee's  Menai:erle;  or, 
Strange  Animals  and  their 
Doings.  By  S.  H.  Hamer.  With 
Eight  Coloured  Plates  and  other 
Illustrations  by  Harry  B.  Neil- 
son.     IS.  6d. 

Notable  Shipwreeks.  Revised  and 
Enlarged  Edition,     is. 

Peter  Piper's  Peepshow.  By  S.  H. 
Hamer.  With  Illustrations  by  H. 
B.  Neilson  and  Lewis  Baumer. 
IS.  6d. 

Pleasant  Work  for  Busy  Fingers. 
By  Maggie  Browne.  Illustrated, 
as.  6d. 

Quackles,  Junior :  Being  the  Extra- 
ordinaiy  Adventures  of  a  Duckling. 
With  Four  Coloured  Plates  and 
other  Illustrations  by  Harry 
Rountree.  Written  by  S.  H. 
Hamer.    is.  6cI. 

The  Foolish  Fox,  and  Other  Tales 
in  Prose  and  Verse.  Edited  by 
S.  H.  Hamer.  With  Four 
Coloured  Plates  and  numerous 
Illustrations,     is.  6d. 

The  Ten  Trayellers.  By  S.  H. 
Hamer.  With  Four  Coloured 
Plates  and  numerous  Illustrations 
by  Harry  B.  Neilson.     is.  6d. 

llie  Jungle  School ;  or,  Dr.  Jibber- 
Jabber  Burchall's  Academy.  By 
S.  H.  iiAMER.  With  Illustrations 
by  H.  B.  Neilson.    is.  6d. 

The  New  "LiUle  Folks**  Painting 
Book.    Illustrated     is. 

The  Old  Fairy  Talea  With 
Original  Illustrations.    Cloth,     is. 

*'  Tiny  Tots "  Annual  Volume. 
Boards,  is.  4d.     Cloth,  is.  6d. 

Topsy  Turvy  Tales.  By  S.  H. 
Hamer.  With  Illustrations  by 
Harry  B.  Neilson.    is.  6d. 

Two  Old  Ladies,  Two  Foolish  Fairies* 
and  a  Tom  Cat  The  Surprising 
Adventures  of  Tuppy  and  Tue.  A 
New  Fairy  Story.  By  Maggie 
Browne.  With  Four  Coloured 
Plates  and  other  Iliusirations, 
3s.  6d. 

Whys  and  Other  Whys ;  or.  Curious 
Creatures  and  Their  Tales.  By 
b.  H.  Hamer  and  Harry  a 
Neilson.  Paper  boards,  ss.  6d. 
Cloth,  3s.  6d. 
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CASSELL'S   BHULINa  STORT  BOOKS. 

Interesting  Stories. 

A  Pair  op  Primroses. 
Frank's  Life  Battle. 
Ella's  Golden  Year. 
In  the  Days  op  King  George. 
Little  Queen  Mas. 

SHILLINa  8T0RT  BOOKS  BY  EDWABO  a  ELLI&     lUostrateJ. 


AU    Illustzated,  and   containing 

Rhoda's  Reward. 
The  Heiress  op  Wyvern  Court. 
Their  Road  to  Foktunb. 
Won  by  Gentleness. 


Astray  in  the  Forest. 
Bear  Cavern. 
Red   Feather.    A  Tale  of 
American  Frontier. 


the 


Captured  by  Indians. 
The  Boy  Hunters  op  Kentucky. 
The  Daughter  of  the  Chieftain. 
Wolf  Ear  the  Indian. 


OABSELL'S  EIOHTEENPENNT  ST0B7  BOOKS.    lUustrated. 


Aim  at  a  Sure  End. 
All  in  a  Castle  Fair. 
Bear  and  Forbear. 
By  Land  and  Sea. 
Clare  Linton's  Friend. 
Dolly's  Golden  Slippers. 


Her  Wilful  Way. 
Honour  is  My  Guide. 
On  Board  the  Esmeralda, 
The  Bravest  of  the  Brave. 
To  School  and  Away. 


CASSELL'S  TW0-8HILLIN0  8T0BT  BOOKa    lUustzated. 
Adam  Hepburn's  Vow.  The  Lost  Vestal. 


A  Self-willed  Family. 
Daisy's  Dilemmas. 
Fairway  Island. 
Fluffy  and  Jack. 


The  Mystery  of  Master  Max; 
AND  THE  Shrimps  op  Shrimpton. 
Uncle  Silvio'^  Secret. 
Wrong  from  the  First. 


TWO  SHULINa  STOBT  BOOKS  BT  EDWABD  S.  ELLia  lUustrated.   Cloth. 


Tad. 

Lost  in  Samoa. 

Blazing  Arrow. 

Chieftain  and  Scoxrr. 

Klondike  Nuggets. 

Ned  in  the  Block  House. 


Ned  in  the  Woods. 
Ned  on  the  River. 
The  Path  in  the  Ravine. 
The  Rubber  Hunters. 
The  Young  Ranchers, 


HALF-OBOWN  STOBT  BOOKS  BT  EDWABD  a  ELUa    lUustrated.    Cloth. 


A  Strange  Craft  and  its  Won- 
derful Voyages 

Camp-Fire  and  Wigwam. 

Cowmen  and  Rustlers. 

Down  the  Mississippi. 

Footprints  in  the  Forest. 

In  Red  Indian  Trails.* 

In  the  Days  of  the  Pioneers. 

Iron  Heart,  War  Chief  of  the 
Iroquois. 

Lost  in  the  Wilds. 

Ponti  AC, Chief  of  the  Ottawas. 


Red  Jacket:  The  Last  of  the 

Senegas. 
Scouts  and  Comrades. 
Shod  with  Silknce. 
The  Camp  in  the  Mountains. 
The  Great  Cattle  Trail. 
The  Hunters  of  the  Ozark. 
The  Last  War  Trail. 
The  Lost  Trail. 
The  Phantom  of  the  River. 
Two  Bovs  in  Wyoming. 
Uncrowning  a  King. 


HALF-CEOWN  STOBT  BOOKS  FOB  GIBLS. 

A  Girl  without  Ambition.  I  Sisters  Three. 

Mrs.  Pederson  s  Niece.  |  Tom  and  Some  Other  Girls. 

HALF-CBOWH  STOBT  BOOKS  FOB  BOTS. 

An  Olp  Buy's  Yarns.  Fairy  Tales  in  Other  Land& 

At  the  South  Pole.  Freedom's  .Sworix 

By  Fire  and  Sword.  Heroes  of  the  Indian  Empikk 

Cost  of  a  Mistake.  Lost  Among  White  Africans. 
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HALF-OBOWN  8T0BT  BOOKS  FOB  BOTB  (continued)  :— 


Lost  on  Du  Corrig. 

Master  of  the  Strong  Hearts  : 

A  Story  of  Custer's   Last 

Rally. 
Pictures  op  School  Life  and 

Boyhood. 
Rogues  of  the  Fiery  Cross. 
Strong  to  Suffer. 
The  Queen's  Scarlet. 
The  White  House  at  Inch  Gow. 


Through  Trial  to  Triumph. 

Told  Out  op  School. 

To  Punish  the  Czak. 

To  THE  Death. 

Wanted — a  King  ;  or, How  Merle 
Set  the  Nursery  Rhymes  to 
Rights. 

With  Redskins  on  the  War- 
path. 


BOOKS  FOB  BOTS  AND  OIBIA     Fully  Illustrated. 


Gulliver's  Travels.  With  up- 
wards of  lOO  Illustrations  from 
New  Plates.  Fine  Art  Edition, 
7S.  6d. 

Cassell's  Robinson  Crusoe. 
With  loo  Illustrations.  Cloth, 
3S.  6d-  ;  gilt  edges.  55. 

Cassell's  Swiss  Family  Robin- 
son. Illustrated.  Cloth,  3s.  6d. ; 
gilt  edges,  5s. 


Strange  Adventures  in  Dicky- 
Bird  Land.  Stories  told  by  Mother 
Birds  to  amuse  their  Chicks, 
and  overheard  by  R.  Kearton, 
F.Z.S.  With  Illustrations  from 
Photographs  taken  direct  from 
Nature  by  C.  Kearton.  Cloth, 
3s.  6d.  ;  cloth  gilt,  gilt  edges.  5s. 


THBEB  AND  SIXPEMNT  8T0BT  BOOKS  FOB  QIBLS.      lUusttated. 


J 


With  8  Coloured 
Plates  in  each. 


By  L.  T.  Meade. 


A  Sweet  Girl  Graduate. 

A  World  of  Girls:  The  Story  of  a  School. 

Bashful  Fifteen. 

Beyond  the  Blue  Mountains. 

Merry  Girls  of  England. 

Polly:  A  New-Fashioned  Girl, 

Red  Rose  and  Tiger  Lily. 

The  Palace  Beautiful. 

The  Rebellion  of  Lil  Carrington. 

Bound  by  a  Spell.    By  the  Hon.  Mrs.  Greene. 

Five  Stars   in   a   Little    Pool.     By  Edith  Carrington. 

The  King's  Command:  A  Story  for  Girls.     By  Maggie  Symington. 

TBBEB  AND  8DCPENNY  8T0BY  BOOKS  FOR  BOTS.    Illustrated.    Cloth  gUt. 


"  Follow  my  Leader."  By  Tal- 
bot Baines  Reed. 

For  Fortune  and  Glory:  A 
Story  op  the  Soudan  War. 
By  Lewis  Hough. 

For  Glory  and  Renown.  By 
D,  H.  Parry. 

The  Capture  op  the  "Es- 
trella":  A  Tale  of  the 
Sla  v e  Tr a  de.  By  Commander 
Claud  Harding,  R.N. 


The  Red  Terror  :  A  Story  of  the 
Paris  Commune.  By  Edward  King. 

The  Three  Homes.    By  the  Very 
Rev.  Dean  Farrar. 

Under   the    Great    Bear.      By 
Kirk  Munroc. 

With  Claymore   and   Rvyonet. 
By  Colonel  Percy  Groves. 
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